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ABSTRACT 
Watershed management has emerged as a new paradigm for planning, 
development and management of land, water and biomass resources with a focus on 
social and environmental aspects following a participatory approach. It involves 
judicious use of natural resources with active participation of institutions, 
organizations and community in harmony with the ecosystem. Since watersheds are 
considered fundamental units for planning and developing natural resources, 
hence watershed management is essential for planning and development of 
natural resources for sustainable development. Watershed management plays a key 
role in areas which require immediate intervention for conservation of natural 
resources in terms of soil and water management. Remote sensing and Geographic 
Information System (GIS) has been widely used in watershed management, which 
involves mapping of varied land forms, soil, drainage, linear features, structural 
elements, and terrain characteristics. Several studies in different parts of India on 
watershed management have been carried out in the recent past using remote sensing 
and GIS techniques (Menris 1997; Thomas et al., 1999; Subba Rao et al., 2001; Tim 
and Mallavaram, 2003; Nag, 2005; Raju and Kumar 2006; Srivastava and Kumar, 
2006; Shanwal and Singh, 2006; Bhatt et al., 2007, Chowdaiy, 2009). In the present 
study an attempt has been made to suggest measures for watershed management 
based on morphoraetric parameters, land use/land cover change analysis, ground 
water prospects, slope/relief etc. with the help of remote sensing and GIS. 
The study has utilised Survey of India (SOI) topographic me^ on 1:50,000 
scale. Standard Geocoded False Colour Composite (FCC) of Indian Remote Sensing 
satellite (IRS-ID) LISS III data of 2001 and digital data of IRS-P6 LISS III of 2005 
having a spatial resolution of 23.5 meter. Meteorological data (temperature and 
rainfall) of 1971-2006 period was obtained fixjm India Meteorological Department 
(IMD) Pune, and have subsequently been analyzed, to ascertain the variation in 
temperature and rainfall trends of the study area. Shuttle Radar Topography Mission 
(SRTM) data of 90 meter resolution has been used for generating Digital Elevation 
Model (DEM) and slope m ^ . The data on ground water level obtained from Ground 
Water department of Government of Rajasthan for the period 1978 - 1995 has been 
analysed, to assess the general decline in ground water level. 
This study involves preparation of base map, drainage m£^ 5, demarcation of 
watershed/sub-watershed boundaries, generation of thematic maps using satellite 
data, morphometric analysis, land use/land cover change analysis, 
hydrogeomorphological analysis, ground truthing, preparation of DEM and slope. 
Spatial and non-spatial data have been analyzed using softwares such as Arc-View 
3.2, ERDAS IMAGINE 8.7, Geotrans 2.3, Georeferencing software, 3DEM and 
SAGA 2.0.3. The results obtained from morphometric. Land Use/land cover 
analysis, hydrogeomorphic mapping, slope /relief etc have been correlated to suggest 
measures for watt^ rshed management. Thematic maps generated from visual 
interpretation of IRS data have been digitized using ArcView GIS and polygon 
topology was built for various thematic maps after editing and cleaning. 
The study area i.e. Kakund watershed falls in Bharatpur district and forms 
part of Gambhir river basin with a geographical area of 295.87 km , bounded by 26° 
45' - 27° 00' North longitudes and 77° 15' - 77° 30' East latitudes. The maximum and 
minimum elevations in the study area are 361 m and 180 m above mean sea level 
(MSL) respectively, and the general slope of the watershed is from south to north as 
defined by the course of Kakund river. The drainage pattem of the area is 
predominantly dendritic to sub-dendritic, however structural controlled pattem i.e. 
parallel to sub-parallel and trellis are also found at a few places especially in the 
south. The watershed has been demarcated into seven sub-watersheds namely 
Narauli, Rudawal, Bankukara, Tarsuman, Nahro, Seupura and Thanadung, on the 
basis of drainage flow directions, slope, spot height, contour values, elevation etc. 
The major lithological unit exposed in the study area is sandstone belonging 
to the Vindhyan Super-group. The sandstone is massive, hard and compact but at 
places has joints/fractures. It is mostly barren but at some places supports scanty 
vegetation. Quarrying activity has been reported at several places and the stone is 
being used extensively in construction industry. Quaternary formation in the form of 
alluvium constitutes the other major geological formation especially in the northern 
and north-eastern parts of the study area where intensive agriculture is practiced. The 
study area is dominated by two types of soils i.e. sandy and sandy loamy soils, the 
later is dominant in the northern part of the study area, whereas the former is 
reported fix)m the southern part of the study area, the thickness of the soils varies 
between 0 and 17 cm. 
Hydrogeomorphologically, the study area has severally geomorphic units 
such as alluvial plains valley fills, plateau, hurried pediments, pediments, 
intermontane valleys, residual hills and linear ridges. Alluvial plains form a 
predominant unit in the northern part of the study area and are defined by lithology 
consisting of unconsolidated sediments of sand, silt, clay and gravel. Valley fills are 
products of streams dumping their sediment load along their courses due to 
obstruction to or reduction in their flow velocity. Valley fills are sandwiched 
between Vindhyan plateau and hills and ridges of Bhandar Group. Plateau is a table 
like land, which is broad, elevated and almost level and represents Vindhyan sand-
stone in the southern and eastern parts of the study area. Buried pediments are 
present in the central part of the Kakund watershed, and is characterized by 
undulated topogrqihy, accedented slope, thin alluvial cover, and higher elevation as 
compared to alluvial plain. The pediments in the area are developed on sandstones, 
and show a considerable amount of weathered material brought down fi-om the 
plateau. The intermontane valleys are mostly structure controlled, narrow and linear 
depressions, filled with colluvial and fluvial deposits brought down fi"om the plateau, 
and are of varying grain size mostly sand, silt and clay. Residual hills are isolated 
hills and hillocks represent sandstone lithology, attains an elevation of 251 m, and 
occupies a relatively small area. Linear ridges are present as hogback and cuesta 
ridges, characterized by massive structure and high resistance to erosion. 
Morphometric analysis of the sub watersheds has been carried out under three 
major heads i.e. linear aspects, areal aspects and relief aspects. Linear aspects 
include stream order, stream number, stream lengtii mean stream length, stream 
length ratio, bifurcation ratio. The areal aspects include drainage density, stream 
frequency, drainage texture, basin sh^se, form factor, circulatory ratio, elongation 
ratio, length of overland flow, constant of channel maintenance and compactness 
coefficient, whereas relief aspects include relief ratio, basin lengtfi, sinuosity index 
and ruggedness number. Regression of number of stream number with stream order 
of all seven sub-watersheds show variation fix)m general trend indicating a regional 
uplifbnent of the area. The stream length ratio (RL) between streams of different 
orders reveals variation in each sub-watershed which may be attributed to variation 
in slope and topography. Narauli and Rudawal show an increasing trend in stream 
length ratio from lower order to higher order indicating mature geomorphic stage. In 
Bankukara, Tarsuman, Nahro, Seupura and Thanadung, stream length ratio (RL) 
values vary from one order to next order which indicate their late youth stage of 
geomorphic development. The stream length ratio (RL) of Kakund watershed shows 
variation from one order to another order which also indicate late youth stage of 
geomorphic development. Bifurcation ratios (Rb) of the sub-watersheds indicate 
some structural control over drainage development. Higher Rb values in Bankukara, 
Tarsuman, Seupura and Thanadung sub-watersheds indkate structural control 
drainage pattern. Under the relief aspects; higher relief ratio (Rh) in Tarsuman and 
Seupura sub-watersheds indicate steep (9-12*^ ) to very steep slopes (12 - 15") and 
high relief, whereas lower Rh values in Narauli, Rudawal and Bankukara sub-
watersheds suggest very gentle slope (0 to 3") and low relief. However, moderate 
slope (6 - 9°) is found in Nahro and Thanadung sub-watersheds. The sinuosity index 
(Si) of the sub-watersheds varies from 1.42 in Narauli to 2.22 in Rudawal sub-
watershed. The results of the sub-watersheds suggest that the streams are in their 
youth stage, show Si value 1.6 and thus can be attributed to the phenomenon of 
rejuvenation. Ruggedness number (Rn) of Seupura and Thanadung sub-watersheds is 
quite h i ^ which indicate their susceptibility to erosion. The areal aspects of the 
seven sub-watersheds suggests that Narauli and Rudawal sub-watersheds fall in low 
drainage density category suggesting permeable subsoil material and presence of 
vegetative cover. Bankukara (3.79) and Tarsuman (3.25) sub-watersheds have 
relatively high drainage density and indicate less permeable material, sparse 
vegetative cover and moderate to high relief. The otfier sub-watersheds, i.e. Nahro, 
Seupura and Thanadung represent medium to high drainage density which is 
indicative of impermeable material, sparse vegetative cover and moderate to high 
relief The drainage density of the whole Kakund watershed is 2.19 km/km^ which 
falls under medium density category. Narauli (1.83) sub-watershed possesses very 
coarse drainage texture, Rudawal and Seupura have coarse drainage texture, whereas 
Tarsuman, Nahro and Thanadung show moderate drainage texture. Only Bankukara 
(11.75) sub-watershed represents very fine drainage texture. The Kakund watershed 
as a whole has 11.77 value, which also falls under very fine drainage texture 
category. Areal parameters suggest that the Narauli, Rudawal, Bankukara, Tarsuman, 
Nahro, Seupura and Thanadung sub-watersheds are more or less elongated in shape. 
Land use/land cover (LULC) analysis of the sub-watersheds has been carried 
out through visual interpretation of multi-temporal data of IRS ID LISS III data of 
2001 and IRS P6 LISS III data of 2005. The LULC categories delineated the study 
area include Cultivated land (CL), Uncultivated land (UCL), Dense forest (DF), 
Open forest (OF), Open scrub (OS), Wasteland (WL) (Culturable), Water body 
(WB), Barren/Rocky area (RA) (Unculturable), Rock quarry (RQ) and Built up land 
(BL). A comparative land use/land cover change assessment reveals that during 
2001-2005 period, the study area has lost 5.24 km^ (1.77%) of Cultivated land due to 
a combination of natural (decline in average rainfall, absence of assured irrigation, 
decline in water table) and anthropogenic factors and has been converted into 
uncultivated/wasteland. The area under uncultivated land has increased fix>m 24.85 
km^ (8.40%) in 2001 to 29.65 km^ (10.02%) in 2005. Dense forest has shown an 
increase of 0.11 km^ (0.03%) area from 2001 to 2005 due to the shrinkage of 
waterbody i.e. Baretha lake. The increase in dense forest is reported along the 
periphery of the waterbody due to the high moisture content where natural vegetation 
has grown into a well developed dense forest. Open forest has reduced from 84.47 
km^ in 2001 to 82.62 km^ in 2005 whereas Open scrub has decreased from 21.51 
km^ (7.27%) in 2001 to 20.48 km^ (6.92%) in 2005. Wasteland (Culturable) has 
increased from 4.93 km^ (1.67%) in 2001 to 9.02 km^ (3.05%) in 2005 mostly in 
Narauli, Rudawal, Nahro and Thanadung. The area under waterbody has decreased 
from 4.98 (1.68%) km^ in 2001 to 3.83 (1.29%) km^ in 2005. The barren/rocky area 
(Unculturable) has shown a decrease from 20.98 km^ (7.08%) in 2001 to 20.54 km^ 
(6.94%) in 2005 due to the expansion of rock quarrying activity. Rock quany has 
increased from 8.32 ktn^ (2.82%) to 8.76 km^ (2.96%). The built up area has 
increased from 1.94 (0.66%) Icm^  in 2001 to 2.20 km^ (0.74%) in 2005. The decrease 
in area under open forest and open scrub may be attributed to anthropogenic 
activities including human and cattle population pressure. The increase in the area 
under wasteland (Culturable) category is probably due to natural degradation of soil, 
especially in cultivated land, open forest and sparse vegetation areas. The analysis 
shows that the whole Kakund watershed has reported change in LULC categories in 
19.41 km^ area which is at about (6.53%) of the watershed area. 
The Narauli sub-watershed has reported 5.46 km^ (6.53%) area affected by 
land use/land cover change during 2001 - 2005 period. The figures for other sub-
watersheds are 4.30 km^ (10.19%) for Rudawal, 1.88 km^ (6.31%) for Bankukara, 
1.44 km^ (8.52%) for Tarsuman, 3.34 km^ (7.85%) for Nahro, 1.8 km^ (5.95%) for 
Seupura and 2.10 km (4.73%) for Thanadung sub-watersheds respectively. 
Hydrogeomorphological mapping has been carried out using IRS LISS III 
FCC and the study area has been divided into three zones i.e. runoff zone, infiltration 
zone and discharge zone based on the geomorphic landforms, terrain conditions and 
lithological characteristics. The delineation of the hydrogeomorphic units aimed at 
demarcating areas of groundwater recharge/discharge and potential zones for 
development. The structural hills, residual hills and linear ridges constitute runoff 
zones, whereas the hurried pediments and pediments represent zones of infiltration. 
Intermontane valleys, alluvial plains and valley fills act as discharge zones. The 
study reveals that valley fills possess good to very good groundwater prospects. 
followed by alluvial plains and buried pediments which seem to possess moderate to 
good groundwater prospects. Lineaments that are present on the hilly terrain 
(plateau) and cut across some of the tributaries may also prove to be moderately 
potential zones as they allow surface water to infiltrate through weak zones, 
otherwise the plateau has poor groundwater potential. Neariy 100 lineaments have 
been demarcated on the Vindhyan plateau, varying in length from a few meters to 
more than one kilometer. The general trend of the majority of the lineaments is NE-
SW with a few trending in NW-SE as well. Lineament density of an area can 
indirectly reveal the groundwater potential of that area since the presence of 
lineaments usually denotes a permeable zone. High values of lineaments density are 
recorded in the southern and south eastern parts of the study area having moderate 
groundwater prospects. Low lineament density is found in some isolated areas in the 
eastern part of the watershed. The hydrogeomorphic units in the area corroborate 
well with the existing groundwater conditions and geomorphology of the area. 
The groundwater prospects maps derived fiom integration of geology, 
hydrogeomorphology and lineament suggests that Narauli and Rudawal sub-
watersheds fall under moderate to good groundwater category. Bankukara, 
Tarsuman, Nahio, Seupura and Thanadung fall in the poor to moderate groundwater 
prospects category since their major area falls under poor to moderate groundwater 
prospects zone. 
The present study makes an attempt to correlate morphometric parameters, 
land use/land cover analysis, groundwater prospects, lineaments, slope/relief, to 
obtain results for watershed management practices/measures. Strategies and 
measures suggested for the study area include crop rotation in Narauli and Rudawal 
sub-watersheds, since cultivated land is the predominant land use category in these 
sub-watersheds. Percolation ponds may also be constructed in Narauli and Rudawal 
sub-watersheds, since they possess conducive lithology in the form of alluvium 
besides sandy soil. Check dams have been suggested for Bankukara, Tarsuman, 
Nahro, Seupura and Thanadung sub-watersheds, since these sub-watersheds possess 
medium to high lineament density as well as high drainage density, moderate to 
steep slope, and poor to moderate groundwater prospects. The construction of check 
dams will certainly enhance the availability of surface water during the summer as 
well as in recharging the aquifer. Plantation activity is suggested for Nahro, Seupura 
and Thanadung sub-watersheds since open forest/scrub is the predominant land 
cover category in these sub-watersheds which has seen a decline in its areal extent 
and needs regeneration and restoration. Rock quarrying should be restricted/banned 
in Tarsuman, Nahro and Bankukara sub-watersheds, in order to restore the ecological 
balance. 
The suggested measures/strategies are expected to preserve the watershed and 
sub-watersheds from further deterioration in terms of soil, water and forest resources 
which will be environmentally and socially beneficial to the local people. This study 
demonstrates application of remote sensing and GIS techniques in watershed 
characteristics, LULC change detection, hydrogeomorphic mapping and delineation 
of groundwater potential zone apart from identification of suitable sites for selection 
10 
of check dams/water harvesting structures. The results of the present study may be 
useful to the planners and decision malcers at district and sub-division level for under 
taking development work, which may be beneficial to the local community and may 
bring socio-environmental changes at watershed level. 
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CHAPTER - 1 
INTRODUCTION 
1.1 General statement: 
Population growth and impacts of climate change on the hydrology of river 
basins could result in water scarcity by 2050 affecting 7 billion people in 60 countries 
(http://www.nature.com/nature/ioumal/v422/n6929/full/422243a.html). Globally, 
between 12.5 and 14 billion cubic meters of water is available for human use on an 
annual basis (http://www.infoforhealth.org/pr/ml4/ml4.pdf). In 1989 the per capita 
water availability was 9,000 cubic meters which had dropped to around 7,800 cubic 
meters in 2002. By 2025 the per capita water availability is expected to fall below 
5,000 cubic meters as a result of growth in world's population from 6 billion to over 8 
billion (UNESCO, 1996). 
The demand for fresh water in the country has been rising over the years due 
to increased demand for food production and growing urbanization and 
industrialization. In 2007 total water use (including groundwater) was 634 BCM, of 
which 83% was for irrigation. The demand for water is projected to grow to 813 BCM 
by 2010, 1093 BCM by 2025 and 1447 BCM by 2050, against utilizable quantum of 
1123 BCM (Anon, 2007). It is expected that by the year 2050 more than 50 percent of 
India's population will be living in the urban areas, creating a huge stress on safe and 
fresh drinking water availability (Kumar et al., 2005). Central Ground Water Board 
(CGWB) has warned that the reservoir of groundwater will be completely depleted in 
as many as 15 states by 2025 if the water extraction and exploitation continues at the 
present rate (Anon, 2007). Due to improper planning of water conservation, India is 
ranked 122 out of 130 nations in terms of water quality and 132 out of 180 nations in 
terms of water availability (Tikoo, 2003). 
India is a vast country having diversity in geological, climatological, and 
topographic set-up, giving rise to divergent groundwater situations in terms of its 
occurrence, distribution and movement. The climatic conditions of India vary widely 
across length and breadth of the country. The average annual rainfall in the country is 
1170 mm, which corresponds to annual precipitation, including snowfall (Anon, 
2007). However less than twenty percent of it is utilized, the rest reaches the sea or 
evaporates. Variability of rainfall results in space and time in flooding of some 
regions and at the same time drought occurring in some other regions/states. 
India has a highly seasonal pattern of rainfall, with 50% of precipitation 
falling in just 15 days and over 90% of river flows occurring in just four months. The 
topography and rainfall virtually control runoff and groundwater recharge. Major 
parts of the states of Andhra Pradesh, Chhattisgarh, Gujarat, Jharkhand, Karnataka, 
Maharashtra, Orissa, Tamil Nadu, Madhya Pradesh and Rajasthan are underlain by 
hard rocks and presence of groundwater is subject to availability of secondary 
porosity i.e., joints, fractures, fissures and weathered structures. In these rocks, 
groundwater occurs in shallow unconfmed aquifers in the weathered material and 
under semi-confined conditions in deeper fractures and joints. Groundwater 
exploration in granitic/ gneissic terrain has proved existence of water bearing 
fractures down to 300 m and more 
(http://pib.nic.in/archieve/others/2007/sep07/r20070907025.pdf). Basaltic terrain 
covering nearly 40% of the hard rock areas has multilayer aquifer system due to 
multiple lava flows at many places 
(http://pib.nic.in/archieve/others/2007/sep07/r20070907025.pdfgranitic/). 
The uncontrolled exploitation of groundwater resources has resulted in 
declining of water levels and deterioration in quality, which is clearly evident as base 
flow to the streams has decreased and large tracts of irrigated land has been converted 
into waste lands in many states. Under the influence of industrial effluents, and over 
usage of fertilizers, several groundwater basins have become unfit for drinking and 
irrigation. The rate of extraction of groundwater is increasing and in many blocks 
exceeds the rate of recharge, leading to declining water tables (Anon 2007). 
In India out of 5723 assessment units (blocks/ mandals/ talukas/ watersheds). 
839 are categorized as "overexploited", 226 blocks/ watersheds are "critical" and 550 
are semi-critical. The remaining, 4078 units are safe and 30 units are categorised as 
saline. The number of over-exploited critical blocks has grown from 4% in 1995 to 
15% in 2004. 28% of blocks in India fall in semi-critical, critical and over-exploited 
category (Anon 2007). 
In the light of these facts our country faces a stiff challenge in terms of water 
availability, hence water management practices are required at all levels. The present 
situation demands a focused approach on the management of the water resources, 
using latest scientific methods and technologies. 
1.2 Rajasthan Scenario: 
Rajasthan is one of the states where water scarcity has always been a regular 
feature. Since the state is underlain by hard rocks in the east and central parts and arid 
desert in the west, it has always been in news for water related issues. The increase in 
population and development activities has affected the water availability significantly 
in different parts of the state. In the recent past, the rainfall cycle has undergone 
significant changes, in variation, distribution, intensity and duration. The years 1998 
to 2000 as well as 2002 have been rainfall-deficit years, adversely affecting the 
ground water recharge resulting in depleting ground water resources (Anon, 2004). In 
2009 also the state has received deficient rainfall leading to drought. 
The depth of water table varies widely throughout the state. To the east of 
Aravalli. the depth to water is comparatively shallower than in the west. It generally 
varies between 10 to 25 meters below ground level in the eastern part, whereas in the 
western part, it ranges between 20 to 80 meters below ground level 
(www.indiawaterportals.org/data/datastats/ri/rajasthan.pdf). Shallow water levels have 
been recorded in the canal command areas of Ganganagar, Banswara, Kota and Bundi 
districts whereas deeper water levels have been observed in western districts 
particularly in Jaisalmer, Bikaner and Jodhpur. On the basis of average depletion per 
year these districts have further been classified as most critical, critical, moderate and 
marginal (Table l.I). 
Table 1.1: Classification of Districts on the basis of Depletion of Groundwater 
Category 
Most 
Critical 
Critical 
Moderate 
Marginal 
Average 
Depletion 
(m/year) 
>0.40 
0.20-0.40 
0.10-0.20 
<0.10 
District 
Alwar, Jaipur. Jalore, Jhunjhunu, Jodhpur, Nagaur and 
Pali 
Ajmer, Bhilwara, Chittorgarh, Dausa, Dholpur, 
Karauli, Rajsamand, Sawai, Madhopur, Sikar, Sirohi 
and Tonk 
Baran, Barmer, Bharatpur, Bundi, Dungarpur. 
Jhalawar, Kota and Udaipur 
Banswara and Churu 
(Source: Department of Ground Water Resources, GOR, Jaipur. 2004) 
Rajasthan has 14 river valley catchments, the Chambal catchment being the 
largest one which has got maximum runoff water, followed by Mahi, Banas, Luni, 
etc. The total surface water potential in the state has been estimated as 19.56 BCM 
(htt://www.planning.rajasthan.gov.in/Tenth%20Plan/Chapter/PDF/chapl3-irri.pdf). 
To make use of surplus runoff water of the adjoining states, inter-state agreements 
have been signed, as a result of which water is available in Indira Gandhi Nahar 
Project and Chambal Irrigation project. There are many inter-state water 
agreements such as Ravi and Beas between Punjab, Haryana and Rajasthan, 
Narmada agreement between Madhya Pradesh, Maharashtra, Gujarat and 
Rajasthan, Mahi river agreement between Rajasthan and Gujarat, Parbati-
Kalisindh-Chambal project between Rajasthan and Madhya Pradesh and Ken-Betwa 
linking project between Madhya Pradesh and Uttar Pradesh. Many more such 
agreements and understanding are expected in the light of the proposed mega project 
inter-linking of rivers of Government of India (GOI). 
1.3 Stage of Groundwater Development: 
The state has been divided into 595 water potential zones. Out of these 327 
zones fall in the 'White' category where ground water development is less than 65 per 
cent, 62 zones fall in the 'Grey' category, having 65 per cent to 85 per cent stage of 
development. The remaining 206 zones have been categorised as 'Dark', where the 
stage of ground water development is more than 85 per cent. Whereas 189 zones are 
over-exploited, representing a stage of development more than 100 per cent. 
Depletion of ground water has been very significant in the State during the pre-
monsoon period in 1984 to pre monsoon period in 2002. Out of the total 237 blocks, 
220 blocks show a depleting trend of ground water level. Thus, 81.76% area of the 
State has come under water level depletion zone during this period. Depletion of 
water level is seen in 28 districts of the State, including Bharatpur District. Ground 
water assessment reveals that out of 237 blocks in the State, 49 blocks come under 
safe category, 21 fall in semi critical, 80 in critical and the remaining 86 in the over-
exploited category (one block of Churu district is entirely saline) (Table 1.2). 
Table 1.2: Groundwater Assessment of Blocks in Rajasthan 
Category 
Safe 
1 Semi Critical 
1 Critical 
Over Exploited 
No. Of blocks 
49 
21 
80 
86 
Saline 
Total 237 
(Source: Department of Ground Water Resources, GOR, Jaipur, 2004) 
1.4 Watershed Concept: 
The term 'watershed' is defined as a naturally occurring geo-hydrological unit 
draining to a common point by a system of natural stream/drains. A Watershed 
comprises of a catchment area (recharge zone), a command area (transition zone) and 
a delta area (discharge zone). Therefore watershed is the area encompassing the 
catchment, command and delta area of a stream. The topmost portion of the watershed 
is known as the "ridge" and a line joining the ridge portions along the boundary of the 
watershed is called a "ridgeline". A watershed is thus a logical unit for planning 
optimal development of its soil, water and biomass resources. Management of a 
watershed to conserve soil and water requires land to be "used within its capabilities 
and treated according to its needs" (Chow, 1964). 
The terms such as basin, catchment, watershed etc are widely used to denote 
hydrological units. Size of a watershed is governed by the size of the stream 
occupied by it, which is of practical importance in watershed development 
programmes. For example, size of irrigation cum hydel project has its watershed size 
several thousands of square kilometers but for a farm pond the size may be few 
hectares only. In deserts and flat terrains with little incipient drainage, it may be 
difficult to delineate small sized watersheds whereas in undulating and hilly terrains 
smaller sized watersheds could be easily delineated. Hence the areal extent of 
watersheds vary widely depending upon the topography, climate, structure, slope, 
relief, landforms etc. 
Watersheds could be classified on various factors such as size, drainage, shape 
and land use pattern. The categorization could also be based on the size of the stream 
or river, the point of interception of the stream or the river and the drainage density 
and its distribution. All India Soil and Land Use Survey (AIS&LUS, 1990) has 
developed a system for watershed delineation like water resource region, basin, 
catchment, sub-catchment, and watershed. The usually accepted five levels of 
watershed delineation based on geographical area of the watershed are given in Table 
1.3. National Remote Sensing Agency (1995) has further classified watershed into 
sub-watershed (30 - 50 km^), mini-watershed (10-30 km^) and micro-watershed (5 -
10 km^). 
Table 1.3: Types of watershed on the basis of geographical area 
Macro-watershed 
Sub-watershed 
Milli-watershed 
Micro-watershed 
Mini-watershed 
> 500 km' 
100 to 500 km' 
lOtolOOkm' 
1 to 10 km' 
0.01-1 km' 
Source: (AIS&LUS, 1990) 
A watershed could be described as fan shaped (near circular) or fen shaped 
(elongated). Hydrologically the shape of the watershed is important because it 
controls the time taken for the runoff to concentrate at the outlet. Watersheds may 
also be categorized as hill or flat watersheds, humid or arid watersheds, red soil 
watershed or black soil watershed based on criteria like physiography, climate. 
Depending on the land use pattern watershed could again be classified as highland 
watersheds, tribal settlements and watersheds in areas of settled cultivation. 
A watershed is considered to be the most appropriate spatial arrangement and 
functional unit for managing complex environmental problems. Managing issues of 
bio-complexity in the environment on a watershed basis offers the potential benefit of 
balancing the competing demands placed on natural and human systems. Because of 
the highly complex nature of human and natural systems, the ability to understand 
them and project future conditions using a watershed approach has increasingly taken 
a geographic dimension (Tim and Mallavaram, 2003). 
1.5 Watershed Management: 
Watershed management is a holistic approach which defines inter-relationships 
between land use, soil and water. Soil and water conservation are the key issues in 
watershed management which has been dealt by various workers in terms of 
management of land and water resources (Moore et al., 1994; Tideman, 1996; 
Honore, 1999; Khan, 1999; Peter, 2004). 
Watershed management has acquired immense importance in the recent past 
and involves development and conservation of natural resources with active 
participation of the local people. It has emerged as a new paradigm for planning, 
development and management of land, water and biomass resources with a focus on 
social and environmental aspects following a participatory approach. Watershed 
management could perhaps be more accurately defined as resource management with 
watershed as the basic organizing unit. It involves judicious use of natural resource 
with active participation of institutions, organizations and local people in harmony 
with the ecosystem. Landowners, land use agencies, storm water management experts, 
environmental specialists, water use surveyors and communities all play an integral 
part in the management of a watershed. 
Watershed management is the process of creating and implementing plans, 
programs, and projects to sustain and enhance watershed functions that affect the 
plant, animal, and human communities within a watershed boundary. Its aim is to 
sustain and enhance watershed functions that provide the goods, services and values 
desired by the community affected by conditions within a watershed boundary. 
1.5.1 Watershed development in India: 
The process of watershed development consists of soil and water 
conservations interventions, regenerating the environment, increasing 
green/vegetation cover and adopting suitable land practices in the watershed. In India, 
watershed management programme was initiated more than four decades ago but the 
activities became more significant since 1990s, covering different agro-ecological 
regions of the country. The nature and scope of these programmes were continuously 
modified to bring about uniformity in their formulation, execution and 
implementation by various government departments and agencies. Integrated 
watershed management programmes have successfully shown the potential of 
doubling the productivity of rain-fed areas (Wani et al., 2003). However, one of the 
major gaps in watershed development programme has been the inadequate database 
for planning, methodology and its implementation (Dhruvnarayana et al., 1990, 
Vaidyanathan, 1991, Sarkar and Singh, 1997). 
The Guidelines for Watershed Development in India were formulated in 1995, 
to assess Drought Prone Area programme (DPAP) and Desert Development 
Programme (DDP) being executed by government agencies in some states, however, 
the Ministry of Rural Development (MoRD) revised the 1994 guidelines in 2001 and 
yet again in 2003 under the nomenclature "Hariyali Guidelines". To further simplify 
procedures and involve the local community in planning, implementation and 
management of economic development activities of a region, these new guidelines 
called "Hariyali Guidelines" were issued in April 2003. These identify a critical role 
of the Panchayat Raj institutions in implementation of watershed development 
programmes (Wani et al. 2002; Wani et al, 2003). 
The government of India formed National Rainfed Area Authority (NRAA) in 
November 2006, to give a special thrust to rainfed regions of the country. NRAA has 
framed "Common Guidelines for Watershed Development Projects" in order to 
overcome the problems faced by previous committees/agencies, and are applicable to 
all watershed development projects executed by the Government of India (GOI). 
These Guidelines broadly indicate a fresh framework for the next generation 
watershed programmes. The new guidelines would provide an enabling framework 
for the planning, design, management and implementation of all watershed 
development projects in the country. The common guidelines for Watershed 
development projects are based on the following principles: Equity and Gender 
Sensitivity, Decentralization, Centrality of Community Participation, Capacity 
Building and Technology Inputs, Monitoring, Evaluation and Learning, and 
Organizational Restructuring. 
Managing a watershed involves not only individual plots, but also common 
property resources like forests, springs, roads, footpaths and vegetation along streams 
and rivers (Swallow et al., 2001). Participatory watershed management should involve 
all stake holders to jointly discuss their interests, prioritize their needs, evaluate 
potential alternatives and implement, monitor and evaluate the project outcomes 
(Mirghani and Savenije, 1995). 
The new guidelines also suggest that remote sensing data would be utilized for 
finalizing contour maps for assessment of run-off and for identifying structures best 
suited for location of projects. Thus, the endeavor would be to build in strong 
technology inputs into the new vision of watershed programmes. The NRAA also 
emphasised establishing core GIS facilities, with spatial and non-spatial data, would 
be established and augmented with satellite imagery data received from NRSA, ISRO 
and Survey of India at state and national level. 
1.6 Tools for Watershed Management: 
Visual interpretation of satellite data, with emphasis on terrain analysis is 
being used widely for selection of sites suitable for recharge augmentation. Aspects, 
which are given special attention for the study, usually carried out with satellite 
imagery or False Colour Composite (FCC) on 1: 50,000 scale include stream course 
delineation, land form analysis, outcrop pattern analysis, fracture pattern analysis and 
land use analysis. These studies can provide valuable information on drainage density 
and lineament intensity, which helps in identification of suitable sites for recharge. 
Various thematic layers generated using remote sensing data such as lithology, 
structure, geomorphology, land use/land cover, lineaments etc. can be integrated with 
slope, drainage density and other collateral data in a Geographic Information System 
(GIS) framework and analysed using a model developed with logical conditions to 
arrive at suitable sites for artificial recharge. 
Information obtained from characterization and assessment studies, primarily 
in the form of charts and maps can be combined with other data sets to improve 
understanding of the complex relationships between natural and human systems as 
they relate to land and resource use within watersheds. GIS provides a common 
framework - spatial location - for watershed management data obtained from a 
variety of sources. Because watershed data and watershed biophysical processes have 
spatial dimensions, GIS can be a powerful tool for understanding these processes and 
for managing potential impacts of human activities. The modelling and visualization 
capabilities of modern GIS, coupled with the explosive growth of the Internet and the 
World Wide Web, offer fundamentally new tools to understand the processes and 
dynamics that shape the physical, biological and chemical environment of watersheds. 
The linkage between GIS, the Internet, and environmental databases is especially 
helpful in planning studies where information exchange and feedback on a timely 
basis is very crucial and more so when there are several different agencies and 
stakeholders involved. 
In addition, several GIS-based simulation models have been developed for 
natural resources management and are used in watershed management (Sample, 
1994). Geographic Information Systems (GIS) technology has played critical roles in 
all aspects of watershed management (Tim and Mallavaram, 2003). Water 
management, both in its conservation and control aspects, has significantly benefited 
from satellite remote sensing inputs that has become an effective tool for a number of 
applications related to water resources development and management 
(http://wgbis.ces.iisc.ernet.in/energv/paper/gis/gis.htm). Remotely sensed data (e.g., 
aerial photographs and satellite imagery) can be used to obtain information on soils. 
land use, vegetation, slope gradient, runoff, erosion, etc. However, recent 
developments in multispectral scanner, radar system, and a multitude of quantitative 
techniques for analyzing and processing such data provide opportunities for data 
acquisition through Remote Sensing and array of techniques for data analyses 
(Shanwal and Singh, 2006). Rapid advances in Remote Sensing and GIS technologies 
can bring about quantum leap in watershed management (Shanwal and Singh, 2006). 
1.7 Remote sensing and GIS studies in watershed management: 
Remote sensing and Geographic Information System (GIS) has been widely 
used in watershed management, which involves mapping of varied land forms, soil, 
drainage, linear features, structural elements, and terrain characteristics (Bhattacharya 
et al., 1979; Bakilwal and Ramasamy, 1987; Haris, 1991; Kumar and Shirivastava, 
1991; Venkatachalam et al., 1991; Kulkarni, 1992; Rengers, 1992; Jain and Ahmad 
1993; Mangrulkar, 1993; Mishra et al., 1994; Mohanty 1994; Chatterjee and 
Bhattacharya, 1995; Krishnamurthy et al., 1996; Pahari, 1996; Ravindran et al., 1996; 
Saini and Nathawat, 1996; Menris 1997; Chaudhary and Sharma, 1998; Thomas et al., 
1999; Datta et al., 2003; Srivastava et al., 2004; Srivastava and Saxena, 2004; Suresh. 
2004; Nag, 2005; Raju and Kumar 2006; Srivastava and Bhattacharya, 2006; Bhatt et 
al, 2007, Martin et al., 2007; Chowdary et al., 2009; Martin and Saha, 2009). The 
last decade of the 20th century witnessed rapid advances and a significant increase in 
the operational use of Remote Sensing and GIS in watershed management (Murai, 
1996). 
Chatterji et al. (1978) carried out hydrogeomorphological study in the central 
Luni basin of western Rajasthan. Ravindran and Jeyaram, (1997) conducted a study 
on groundwater prospects of Shahbad Tehsil, Baran district, eastern Rajasthan using 
remote sensing approach. Hydrogeological investigation of Bharatpur, and Sawai 
Madhopur districts has been carried out by CGWB, (1981); Datta and Rao, (1981); 
Datta and Malhotra, (1982); and CGWB, (1996). Solanke et al. (2005) carried out 
watershed characterisation and management using remote sensing and GIS in 
Ganeshpur micro watershed near Nagpur, Maharashtra. 
Chakraborti (1993) has demonstrated combination of the water resources 
database creation through remote sensing and use of runoff and sediment yield 
models. Tiwari et al. (1997) have extracted watershed parameters and have developed 
an empirical model for the estimation of seasonal runoff using remotely sensed data 
and image processing GIS. Allen et al. (2001) postulated prioritisation techniques to 
bring about ranking of watersheds. Biswas et al. (2002) devised methods for 
conservation of watersheds using GIS and remote sensing. Arun et al. (2005) 
attempted a rule-based physiographic characterization of a drought-prone watershed 
applying remote sensing and GIS techniques in Gandeshwari watershed in Bankura 
district of West Bengal. Martin and Saha, (2007) carried out an integrated approach 
for watershed prioritization and productivity using remote sensing and GIS in Doon 
valley, Dehradun district of Uttarakhand. 
Water Resources Development Action Plan using Remote Sensing data in 
Dhaulpur block, Dhaulpur district, Rajasthan has been prepared by Gupta and Gupta 
(2000). Water resource assessment and preparation of management planning strategy 
using remote sensing and GIS in Tamil Nadu was carried out by Govindaraju and 
Nagarathinam, (2007). 
1.8 Review of Literature: 
The basic framework of the stratigraphy of Rajasthan in general and Gambhir 
basin in particular was developed by pioneer geologists like Heron (1917.1922), 
Fermer (1930) etc. Some of the detailed and significant work has been carried out by 
Banerjee and Singh (1977a), Singh (1985, 1991 and 1995), Banerjee and Singh (1977b) 
and Alam and Ahmad (2000) on stratigraphy, palaeogeography, sedimentological 
studies and petrofacies analysis of elastics of Bayana basin. Banerjee and Singh, (1981) 
described sedimentary tectonics of Bayana sub basin, whereas Singh (1982) gave 
stratigraphy of the Delhi supergroup in Bayana sub-basin. Various other studies 
related to tectonic significance of syn-sedimentary volcanism, petrofacies and 
diagenetic aspects of Bharatpur district, have been carried out by Ahmad et al., (2004; 
2005) Alam et al., (2006). 
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Land use change analysis of Bharatpur district using GIS was carried out by 
Dhinwa et al. (1992). Detailed study on geomorphological features, drainage 
morphometric analysis and landscape evolution of Bharatpur district Rajasthan was 
carried out by Iqbaluddin et al. (1997). Chemical characteristics of groundwater 
samples in parts of Ghambir river basin, Bharatpur district, was done by Umar and 
Absar (2003). 
Remote sensing (RS) and Geographical Information System (GIS) techniques 
have widely been applied to study land use/land cover mapping. The urban land use 
change of North Bhubanswer, Orissa was analysed by Mohanty (1994) using aerial 
photographs and satellite data. Ghosh et al. (1996) studied the land use/land cover 
change in a mountainous region of Himalayas using GIS and remote sensing. Menris 
(1997) carried out a study on land use changes in Pranmati watershed, Gharwal 
Himalayas using IRS-IB and concluded that area under cultivated land increased 
significantly at the expense of forests and pasture land. Jaiswal et al. (1999) studied 
land use/land cover changes over a period of 30 years in a part of Gohpura block, 
Shahdol district of Madhya Pradesh using GIS and remote sensing. Brahmabhatt et al. 
(2000) studied land use/land cover changes in canal command area of Kheda district 
of Gujarat state using multi-temporal satellite data of 1988 and 1997. Mahajan et al. 
(2001) studied land use status of Ashwani khad watershed in Almora district using 
IRS-ID satellite data and carried out topographic analysis using GIS techniques, and 
concluded that altitude, aspect and slope influence land utilization. Using multi-date 
satellite imagery, Sarma et al. (2001) found significant land cover changes during 
1973 - 1999 in Godavari delta region. Chauhan et al. (2003) using aerial photographs 
of 1976 and IRS-IC LISS III satellite data of 1999 carried out change detection in Sal 
Forest Division, Dehradun. Joshi and Gairola (2004) analyzed land cover dynamics 
along the topography in Balkhila sub-watershed situated in Garhwal Himalayas using 
GIS and Remote Sensing. Mahajan and Panwar, (2005) carried out land use changes 
in Ashwani Khad watershed in hill zone of Himachal Pradesh using GIS techniques. 
Clement and Robert (2008) identified systematic land-cover transitions using remote 
sensing and GIS, in south-western Ghana. Reis (2008) analyzed land use/land cover 
changes using remote sensing and GIS in Rize, North-east Turkey. Dewan and 
Yamaguchi (2009) detected and monitorered land use and land cover change in Dhaka 
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using remote sensing and GIS. Golmehr (2009) carried out land use mapping in parts 
of Kolhapur District, India using application of remote sensing techniques. Hadeel et 
al., (2009) used remote sensing and GIS to study the land use/cover change and 
urbanization in Barsah Province of Southern Iraq 
Drainage basin morphometry has been carried out by Horton, (1932, 1945); 
Miller, (1953); Smith, (1954); Strahler, (1964) and others. However some of the 
recent studies on morphometry have been carried out by Chakraborti (1991), 
Srivastava, (1997) in coalfield (Bihar) using remote sensing technology. 
Morphometric analysis using remote sensing technique has been carried out by 
Mishra et al. (1994) of lower Sind basin, marginal plains of Madhya Pradesh and 
Uttar Pradesh, Nautiyal (1994) in Khairkuli drainage basin of Dehradun, and by 
Ravindran et al. (1996) in Zuvari basin. South Goa. Nag (1998) carried out 
morphometric analysis of Chaka sub-basin of Purulia district of West Bengal. Khan et 
al. (2001) used remote sensing and GIS techniques for watershed prioritization in the 
Guhiya basin, India. Nag and Chakraborti (2003) deciphered the influence of rock 
types and structures in the development of drainage network in hard rock area. The 
other significant recent studies include Chaudhary and Sharma, (1998); Biswas et al., 
(1999); Shrimali et al., (2001); Reddy et al. (2002b); Nooka Ratnam et al., (2005) for 
prioritisation of watersheds and conservation strategies for landscape management. 
Reddy et al. (2004) demonstrated prioritization of river sub-basins using 
morphometric and universal soil loss equation (USLE) parameters aided by remote 
sensing and GIS. Vittala et al. (2004) used remote sensing and GIS techniques in 
morphometric analysis of sub-watersheds in Pavagada area of Tumkur district of 
Kamataka state. Chopra et al. (2005) have carried out morphometric analysis of sub-
watersheds in Gurdaspur district, Punjab using remote sensing and GIS techniques. 
Singh (2006) has recently carried out morphometric analysis in Vidarbha region. 
Thakkar and Dhiman (2007) carried out morphometric analysis and prioritization of 
mini-watersheds in Mohr watershed, Gujarat using remote sensing and GIS 
techniques. Morphometric analysis of a Wailapalli watershed Andhra Pradesh of 
south India using SRTM data and GIS was carried out by Sreedevi et al., (2009). 
Khanday, (2009) carried out characterisation and prioritisation of watersheds in parts 
of Guna, district Madhya Pradesh, using remote sensing and GIS techniques. 
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Remote sensing and GIS techniques have been used by a host of workers in 
hydrogeomorphological mapping (Bhattacharya et al., 1979; Jones, 1986; Kumar and 
Tomar, 1998; Tomar et al., 1999; Pratap et al., 2000; Subba Rao et al., 2001; Reddy et 
al., 2002a; Sankar, 2002;). Roy and Raina, (1973) described the 
hydrogeomorphological units coupled with geological parameters in Kotipally 
catchment area of Hyderabad. Remotely sensed data was used for 
hydrogeomorphological mapping in Keonjar district, Orissa, for ground exploration 
by Das et al. (1997). Hydrogeomorphological mapping, assessing ground water using 
remote sensing in Sangrur district, Punjab, was carried out by Thomas et al., (1999). 
Mapping of hydrogeomorphological features in Varaha river basin using remote 
sensing data was carried out by Murthy and Rao (1999). Some other studies on 
hydrogeomorphological mapping have been carried out by Srinivasan, (1988); Behra 
(1989); Kar (1990). Sharma and Jurgan (1992); Tiwari and Rai (1996); Das et al. 
(1997); and Sankar et al. (1996). Aslam et al. (2003) have carried out 
hydrogeomorphological mapping using remote sensing techniques for water resource 
management around palaeochannels in Cauvery basin, around Manchanahalli, 
Kamataka state. Mufid al-hadithi (2006) carried out hydrogeomorphological mapping 
in the Piedmont zone of Himalaya. Mondal et al. (2008) carried out hydrogeomorphological 
mqjping using high resolution satellite images in Uttarakhand. Paul et al. (2008) carried out 
hydrogeomorphological mapping in Khurda Sadar block of Khurda district, Orissa. 
Matsunaga et al., (2009) analyzed simple DEM-based methods to delineate channel 
networks for hydrogeomorphological mapping in loess plateau, China. 
GIS and remote sensing applications have been used by numerous workers in 
delineation of groundwater potential zones (Haridas et al 1998; Venkatachalam et al., 
1991; Ghose, 1993; Krishnamurthy et al., 1996; Pradeep, 1998; Saraf and Choudhary, 
1998; Muralidhar et al., 2000; Reddy et al., 2000; Srivastava and Battcharya, 2000; 
Khan and Moharana, 2002; Murthy et al., 2003., Lokesha et al., 2005; Vittala et al., 
2005; Rao and Jurgan, 2003; Biswajeet 2009; Thomas et al., 2009; Singhal at al., 
2010). Pal et al. (1997) used remote sensing and GIS application demarcating 
groundwater potential zones in parts of Yamunanagar and Sirmaur districts. Rokade et 
al. (2004) carried a study on Water resource development action plan for Sasti 
watershed, Chandrapur district, Maharashtra using remote sensing and GIS. Nag 
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(2005) delineated groundwater potential zones on the basis of hydrogeomorphological 
mapping of Baghmundi block in Purulia District, West Bengal. Kumar et al. (2006) 
delineated groundwater prospect zones in hard rock district of Jhalawar, Rajasthan 
using Remote Sensing and GIS. Javed and Wani (2009) delineated groundwater 
potential zones in Kakund Watershed, Eastern Rajasthan, using Remote Sensing and 
GIS techniques. 
1.9 Present Study: 
Kakund watershed lies in the semi-arid tract of the state and forms part of 
Bharatpur district. The watershed is characterised by varying topography which 
includes alluvial plains, plateau and hills/ridges. The agriculture is mainly rained but 
in some parts well irrigation is also reported. The area faces acute water shortages 
especially in summer. The study has been carried out using IRS LISS III satellite data 
of 2001 and 2005. The satellite data has been visually interpreted to derive thematic 
maps on drainage, land use/land cover, hydrogeomorphology, soil, geology, etc. GIS 
has been used for data input, editing and analysis spatial, and non-spatial data has 
been analysed in GIS by integrating various thematic layers. The data from secondary 
sources has been analysed and incorporated wherever required. The climate data 
(rainfall and temperature) have been analysed to assess the trend in rainfall and 
temperature for the period of 1971 - 2006 and 1974 - 2006 respectively. The 
watershed has been suitably demarcated into small units i.e. sub-watersheds for 
micro-level watershed management measures. The work has been suitably divided 
into chapters on introduction, study area, data sources and methodology, 
morphometric, land use/land cover, hydrogeomorphic analysis and watershed 
management. An attempt has been made to integrate the results obtained through the 
morphometric, land use/land cover and hydrogeomorphic analysis to select sub-
watersheds which require immediate intervention for land and water conservation. 
Suitable measures have been suggested for each sub-watershed for watershed 
planning and management. 
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CHAPTER - II 
DATA SOURCES AND METHODOLOGY 
2.1 Data Sources 
The following sets of data were used for the present study. 
(i) Survey of India (SOI) topographic map (54 F/5) on 1:50, 000 scale, 
surveyed in 1968-1969 (Figure 2.1) was obtained from Survey of India, New Delhi. 
The relevant information on villages/town, elevation, contour lines, drainage network, 
watershed boundary, major road and rail network were extracted from the toposheet 
and a base map was prepared. 
(ii) The present study utilized Geocoded Standard False Colour Composite 
(FCC) of Indian Remote Sensing Satellite (IRS-ID) LISS III (Path-Row: 96-52) of 
April, 2001 having a spatial resolution of 23.5 meter and band combination 2 3 and 4 
(Figure 2.2). Digital data of Indian Remote Sensing Satellite (IRS-P6) LISS III (Path-
Row: 96-52) of May, 2005 having a spatial resolution of 23.5 meter was procured 
from National Remote Sensing Centre, Hyderabad, and a standard FCC was prepared 
(Figure 2.3). 
(iii) Meteorological data for Bharatpur district corresponding to annual 
average rainfall for the period 1971 - 2006 and annual average maximum and 
minimum temperatures for the period 1974-1985 and 1996-2006 were obtained from 
India Meteorological Department (IMD), Pune. However the temperature data for the 
period 1986-1995, was not available at IMD, and hence presents a data gap. 
(iv) Shuttle Radar Topography Mission (SRTM) data of 90 meter resolution 
was downloaded from the website http://www.srtm.csi.cgiar.org/ for generating 
Digital Elevation Model (DEM) and was subsequently used for preparing slope map. 
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Figure 2.1- Kakund watershed clipped from topographic map 
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Figure 2 2 Kakund watershed clipped from IRS-1D LISS III FCC of 2001 
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Figure 2 3 Kakund watershed clipped from IRS-P6 LISS III FCC of 2005 
(v) The secondary information/data were collected and utilized wherever 
required for subsisting the current study. Relevant information was extracted from the 
following secondary sources: 
(a) District Statistical Handbook, 2006 and District Census Handbook, 2001, 
obtained from CoUectorate Office, Bharatpur district. 
(b) Statistical Abstract, Rajasthan 2005, Directorate of Economics and 
Statistics, Govt, of Rajasthan, Jaipur. 
(c) Rajasthan Forest Statistics 2005, State Forest Department, Jaipur, 
Rajasthan. 
(d) Report on Hydrology and Groundwater Resources of Bharatpur District, 
Rajasthan (1981), Central Ground Water Board, Jaipur. 
(e) Report on Groundwater Resource and Development Potential of 
Bharatpur District, Rajasthan (1981), Central Ground Water Board, Jaipur. 
(f) Report on Systematic Hydrogeological Survey in Parts of Gambhir River 
Basin covering parts of Bharatpur, Dholpur and Sawai Madhopur Districts of 
Rajasthan (1986), Central Ground Water Board, Jaipur. 
(g) Report on Resistivity Survey in Parts of Gambhir River Basin in Eastern 
Rajasthan (1994), Central Ground Water Board, Jaipur. 
(h) Published research papers, technical reports, special volumes and memoirs 
of Geological Society of India, and information from other government and non-
government sources were consulted for the present study. Research papers in other 
journals namely, Journal of Indian Society of Remote Sensing, International Journal 
of Remote Sensing, Journal of Geoinformatics, Mausam. Journal of Geological 
Society of India, Environmental Geology, Journal of Spatial Hydrology, National 
Geographical Journal of India, International Journal of Applied Earth Observation and 
Asian Journal of Geoinformatics were also referred. 
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(vi) The software utilized for the present study are Arc-View (3.2) for 
digitization, analysis, data input, editing and output generation. Various modules 
available in ERDAS Imagine 8.7 were used for data processing, image generation and 
other image processing functions. Other softwares utilized for the present study 
include Geotrans 2.3 version, (http://earth-info.nga.mil/gandg/geotrans/), 
Georeferencing software (http.V/www .mapwindo. 
org/download.hph?show_de+tails=17), 3DEM (http://www.visualizationsoft ware, 
com/ 3dem.html), and SAGA 2.0.3 version (http://www.saga-gis.uni-
goettingen.de/html.index.hph) these softwares are open source softwares. The 
infrastructural facilities available at the Remote Sensing and GIS lab of the 
Department of Geology, Aligarh Muslim University, were availed during the course 
of study. 
(vii) Data from the field in the form of ground truth verification and 
photographs of various features/land cover types are also used as supportive evidence 
in the analysis. 
2.2 Methodology 
A systematic approach comprising multiple steps was followed to carry out 
the present work (Figure 2.4). ft includes preparation of base map, drainage map, 
demarcation of watershed and sub-watershed boundaries using contour values, relief, 
slope and elevation values. Drainage map was initially derived from SOI toposheets 
and later updated from satellite data. Other thematic maps such as, land use/land 
cover, hydrogeomorphological, geological and lineament were generated using IRS 
LISS III FCC based on visual interpretation using photographic and geotechnical 
elements such as tone, texture, size, shape, association, pattern, drainage, erosion etc. 
Subsequently field checks were conducted during April /May 2006 and 2007 in key 
areas to check the veracity of remote sensing data and to incorporate field 
observations onto the map. 
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Figure 2.4: Methodology followed for the present study 
Arcview GIS has been used for digitization, computational purpose and for 
output generation. Thematic maps generated from visual interpretation of satellite 
data were geo-referenced with the help of ground control points (GCP) obtained from 
Survey of India (SOI) topographic maps. The drainage map was created as line 
coverage, assigning unique ids for various stream orders (1^' order, 2" order, 3"^  order 
and so on), lineament map was also digitized as line coverage assigning unique ids for 
different lineaments. The geological map, land use/land cover map and 
geomorphological map were digitized using modules available in Arcview GIS. 
Polygon topology was built for geologic, land use/land cover and hydro-geomorphic 
units after assigning a unique id for every polygon feature. Thematic maps were 
edited, cleaned and polygon topology was built in Arc View GIS and the coverages 
were saved as shape files. Step wise methodology followed during the course of the 
study is briefly described in the next section. 
2.2.1 Preparation of base map and watershed boundary: 
Base map was prepared on a tracing sheet (Mylar) using Survey of India (SOI) 
topographic maps on 1:50,000 scale. The basic information such as latitudes, 
longitudes, major roads, railway lines, important towns/cities, major rivers and 
streams were plotted on the base map. The base map was then superimposed on the 
IRS geocoded FCC so that major features on the base map overlay with features on 
the FCC. Base map was used as a key map for subsequent thematic mapping using 
remote sensing data. Watershed boundary was demarcated based on the drainage 
lines, considering slope, contour, spot heights, elevation etc. Subsequently sub-
watershed boundaries were also demarcated following the same approach. 
2.2.2 Drainage delineation and morphometric analysis: 
The drainage parameters are important as they play a vital role in watershed 
management and planning irrigation development of an area (Javed, 1995). Drainage 
is controlled by climate, rainfall, lithology, slope, topography etc. (Melton, 1957). The 
drainage network was initially derived from SOI topographic maps on a tracing sheet 
(Mylar) and subsequently updated using IRS-ID LISS III FCC data. The whole 
Kakund watershed has been demarcated into seven sub-watersheds namely, Narauli, 
Rudawal, Bankukara, Tarsuman, Nahro, Seupura and Thanadung sub-watersheds 
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based on drainage flow directions, elevation, relief, contour values etc. The 
demarcation of sub-watershed boundaries involved deriving information on first order 
stream onwards (Dwivedi et al., 2006). This was achieved by picking up, initially, 
some details on both natural as well as cultural features from topographical maps 
followed by updating information using IRS- FCC data. The largest sub-watershed 
(Narauli) covers an area of 83.44 km^ whereas the smallest sub-watershed (Tarsuman) 
covers 16.87 km^ area. The drainage map was scanned, geo-referenced and 
subsequently imported in Arc-View software for digitization and creation of drainage 
layer as line coverage. Distinct ids were assigned for various stream orders during 
digitization and the errors in digitization were removed using edit module in the 
Arc view. 
Morphometric parameters such as stream number (Nu), stream order (u), 
cumulative stream length (Luc), mean stream length (Lsm), stream length (Lb), basin 
area (A), bifurcation ratio (Rb), drainage density (D), stream frequency (Fs), drainage 
texture (Rt), relief ratio (Rh), basin shape (Bs), compactness coefficient (Cc), form 
factor (Rf), circularity ratio (Re), elongation ratio (Re), infiltration number (If), length 
of overland flow (Lg) and constant of channel maintenance (C) were computed using 
standard methods and formulae (Horton, 1932, 1945; Miller, 1953; Schumn, 1956; 
Strahler, 1957, 1964; Chopra et al, 2005; Nooka Ratnam et al., 2005; Solanke et al. 
2005). The input values such as area of the watershed, perimeter, maximum basin 
length, difference in relief etc. were computed in GIS using digitized map. 
2.2.3 Land use/land cover analysis: 
Standard visual image interpretation method based on photographic 
recognition elements such as tone, texture, size, shape, pattern, association and field 
knowledge was followed to identify and delineate land use/land cover categories on 
IRS LISS III data. First the details from the base map were transferred onto the 
tracing film, which was superimposed on FCC to delineate land use/land cover 
categories. Interpretation of satellite data led to the identification and delineation of 
Cultivated land (CL), Uncultivated land (UCL), Dense forest (DF), Open forest (OF), 
Open scrub (OS), Wasteland (WL) (Culturable), Water body (WB), Barren/Rocky 
area (RA) (Unculturable), Rock quarry (RQ) and Built up land (BL), in the study area. 
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Ground truth verification was carried out in April/May 2006 and 2007 to check the 
veracity of remote sensing data and spectral signatures of land cover feature. Field 
inputs wherever required were incorporated in the final mapping. 
The watershed and sub-watershed boundaries were transferred on the land 
use/land cover map to facilitate analysis at sub-watershed level. Land use / land cover 
details at sub-watershed level were imported to Arc View GIS software for 
digitization editing and spatial analysis. Each land use/land cover category was 
assigned a unique id in the polygon coverage and area under each land use/land cover 
category was computed in square kilometers as well as in percentage. Change in area 
under each land use/land cover category from 2001 to 2005 was analysed and 
recorded in order to find out changes in land cover at sub-watershed level. 
2.2.3.1 Geo-referencing: 
The thematic maps generated from visual interpretation of satellite data were 
geo-referenced with the help of ground control points (GCPs) obtained from Survey 
of India (SOI) topographic maps using 3dem software. The maps were projected in 
Universal Transverse Mercator (UTM) projection, taking World Geodetic System 
(WGS84) as the datum. The study area lies in UTM zone 43 North. For geo-
referencing, the latitudes and longitudes of a reference map were converted into X, Y 
co-ordinates, and the corresponding X-Y co-ordinates were transferred on the map. 
2.2.4 Digital Image Processing: 
Digital image processing involves manipulation and interpretation of digital 
images with the aid of a computer (Lillisand et al., 2004). The basic purpose of image 
processing is to rectify the data of its errors due to technical or systematic errors or 
external errors and improve the visual quality of imagery. The following methods are 
incorporated to improve the data and extract information from the data (Figure 2.5). 
While the pre-processing is generally done by NRSC the sole distributor of the 
satellite data before sending the data to the users. Image enhancement and information 
extraction are normally done by the user depending upon his/her requirement. For the 
present study a limited analysis to support the results obtained by visual interpretation 
of the data has been attempted using ERDAS imagine 8.7. 
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Several image processing techniques were applied to IRS-P6 digital data in 
ERDAS IMAGINE 8.7 which include filtering, band rationing, unsupervised and 
supervised classification. 
Digital image processing 
Pre- Preprocessing 
Image Enhancement 
Information Extraction 
Geometric Correction 
Radiometric Correction 
Noise Removal 
Contrast Enhancement 
Spatial Enhancement 
Band rationing 
Filtering 
Supervised classification 
Unsupervised classification 
Figure 2.5: Major steps in Digital Image Processing 
2.2.4.1 Band Rationing: 
Band rationing was carried out using the module interpreter, utilities and 
operators for generating different combination of bands. First combination was made 
of i.e. green and red, second red and near infra red and the third between green and 
near infra red bands. 
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2.2.4.2 Spatial Filter ins: 
Spatial Filtering was applied to the IRS-P6 data using the module raster, 
filtering, convolution filtering. Two filters, i.e. Right diagonal filter and Left diagonal 
filter (3 X 3) were applied for enhancing the lineaments present in the southern part of 
the study area. 
2.2.4.3 Unsupervised Classification: 
Unsupervised classification uses an automatic clustering algorithm that 
analyzes the "unknown" pixels in the database and divides them into a number of 
spectrally distinct classes based upon their natural grouping (clusters) in n-spectral 
dimensions. Unsupervised classification was generated using the module classifier, 
unsupervised classification. A command of 10 classes was applied to the IRS-P6 
image. 
2.2.4.4 Supervised Classification: 
The initial step involves defining image properties as pixel DN values that 
represent a group of information of training classes. The module classifier, signature 
editor and supervised classification were used to generate the supervised classified 
map. In case of supervised classification 51 known signatures, which fall under 10 
land use/land cover categories in the image were specified to the computer as training 
areas, which were saved as .sig format. Statistical measures were generated for the 
training areas and input to the classifier, which then determines other areas in the 
image that have similar spectral characteristics. Finally in supervised classification 
both image and signature editor (.sig format) was taken as an input for generation of 
land use/land cover map. 
2.2.5 Lineament Mapping: 
A lineament is identified as a large scale linear feature, which expresses itself 
in terms of topography of the underlying structural features (Qureshy and Hinze, 
1989). Lineament map was prepared through visual interpretation of FCC data. The 
factors used for the delineation of lineaments are of changes in topographic slopes, 
relief patterns, crest type, drainage type and image characteristics. The single most 
dominant factor for picking up lineaments on the satellite data is the linearity of 
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tone/texture. The maximum number of lineaments interpreted on the satellite data fall 
In two major azimuthal groups i.e. NE-SW and NW-SE, however majority of the 
lineaments fall in first azimuthal group. Length of the lineament was computed and 
total length was then worked out by adding up all the lineaments. Directional filters 
were also used to enhance the lineaments. 
2.2.6 Hydrogeomorphic mapping: 
Visual interpretation of FCC led to the identification and delineation of 
various hydrogeomorphological units, such as valley fills, plateau, hurried pediments, 
pediments, intermontane valleys, residual hills and linear ridges. The 
hydrogeomorphic map was digitized using modules available in Arcview GIS. 
Polygon topology was built for hydro-geomorphic units, after assigning a unique id 
for every polygon feature. Information relating to geology, hydrogeology, 
groundwater and field was incorporated into hydrogeomorphic map to prepare 
groundwater potential map. Based on the image characteristics, field data, lithology 
and morphology, which were integrated in GIS domain, the Kakund watershed was 
demarcated into four groundwater potential zones, namely good to very good, 
moderate to good, poor to moderate and very poor to poor ground water potential 
zones. Sub-watershed boundaries were transferred onto the groundwater prospects 
maps to find out the sub-watersheds where groundwater prospects are poor to 
moderate. 
2.2.7 Geology and Soil mapping: 
Information on geology and soil of the study area was obtained from 
secondary sources and the same was used for the present study. The factors used for 
the preparation of soil and geology map are lithology, morphology, vegetative cover, 
topography, slope drainage and field data. Two types of soils such as sandy soil, and 
sandy loamy soils were identified. Similarly two geological units i.e. Vindhyan 
sandstone and Quarternary alluvium, which show distinct image characters, are easily 
demarcated on the FCC data. The geology and soil maps were digitized using 
modules available in Arcview GIS. Polygon topology was built for geologic and soil 
units, after assigning a unique id for every polygon feature. 
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2.2.8 Digital Elevation Model and Slope: 
Shuttle Radar Topography Mission (SRTM) is a unique mission dedicated for 
generating an accurate Digital Elevation Model (DEM) which was successfully 
launched on February 11, 2001 by National Aeronautics and Space Administration 
(NASA). The digital elevation data for the study area was downloaded from the 
NASA-NGA SRTM processed dataset freely available from CGIAR CGNET server 
in California (http://srtm.csi.cgiar.org/SRT-ZIP/SRTM_Data_GeoTiff) via the Google 
Earth KML interface. The data is available as 5 x 5 degree tiles in zipped ArcASCII 
and zipped GeoTIFF formats and as 1 x 1 degree tiles in zipped ArcASCII format. 
The coordinate system of the digital elevation data is geodetic (i.e. latitude and 
longitude), horizontally referenced to WGS84 datum and vertically referenced to 
WGS84 EGM 96 Geoid. The horizontal resolution of the data is 30 meters that has 
been downscaled to 90 meters (at the equator) for free distribution to the global 
scientific community. The horizontal and vertical accuracy has been reported to be 
less than 20 and 16 meters respectively. The 5X5 degree tile in GeoTIFF format was 
imported in 3DEM software and cropped to the limits of the study area. Since the tiles 
are available in geodetic coordinate system, the cropped tile was transformed into 
UTM projection (zone 43N). The desired area was subsequently imported into SAGA 
software, taking the whole study area boundary in the .shp format as input for extent 
of limits of the study area. The watershed boundary was superimposed on the 
imported SRTM file and a color coded Digital Elevation Model (DEM) was 
generated. 
Taking the Digital Elevation Model (DEM) as input for creation of slope map 
of the area, a command was given in SAGA software through module, terrain analysis 
and standard terrain analysis, an automatic slope map was created which shows slope 
ranges from 0 to 15°. The slope map was then imported into the Arc-GIS software 
and classified into five categories of equal intervals viz; very gentle (0° to 3°), gentle 
(3° to 6°) moderate (6° to 9°), steep (9° to 12°) and very steep (12° to 15°). 
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2.2.9 Parameters for watershed Management: 
Morphometric, land use/land cover and hydrogeomorphic analysis at sub-
watershed level was taken into consideration for suggesting measures and strategies 
for watershed management. The parameters considered for watershed management 
include: 
• Morphometric parameters 
o Drainage density 
o Elongation ratio 
o Relief ratio 
Major land use/land cover category 
Sub-watershed area (changed) 
Lineament density 
Geology 
Elevation/relief 
Slope 
Groundwater prospects 
Individual sub-watersheds were examined in respect of these parameters and 
strategies for watershed management were suggested which vary from one sub-
watershed to the other sub-watershed. These parameters were correlated so as to 
arrive the inter-relationships amongst them and to suggest possible measures for 
watershed management. 
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CHAPTER - III 
STUDY AREA 
3.1 Kakund Watershed: 
The study area (Kakund watershed) forms part of the Gambhir river basin in 
Bharatpur district of Rajasthan. Gambhir is an important tributary of Yamuna which 
originates from a village Nindhar (411 m above MSL) in the adjacent Karauli district, 
and flows for a length of 330 Km before joining Yamuna at Rohali village (136 m 
above MSL) in Bah Tehsil of Agra district in Uttar Pradesh state. Gambhir river basin 
extends over Sawai Madhopur, Karauli, Bharatpur, Dausa, and Dholpur districts, and 
lies between N latitudes 26° 16' to 27° 04' and E longitudes 76° 34' to 77° 47', with a 
total catchment area of 4,174 km . Major part of the Kakund watershed falls in the 
Bayana Tehsil, but small part in the south lies in adjacent Karauli district. The 
Kakund watershed lies between N latitude 26° 45' 00" to 27° 00' 00" and E longitude 
77° 15' 00" to 77° 30' 00" falling in SOI toposheet 54F/5 and covers an area of about 
295.87 kml 
The main town Bayana is 48 km S W of the Bharatpur town and is well 
connected by road and railway network to Delhi, Jaipur and Agra. The Bharatpur 
district is composed of three sub-divisions, viz., Bharatpur, Deeg and Bayana. These 
sub-divisions have been further divided into ten tehsil namely, Bharatpur, Nadbai, 
Kumher, Bayana, Roopbas, Weir, Deeg, Kaman, Nagar and Pahari (Figure 3.1). The 
major settlements/towns in the watershed are Narauli, Mandapura, Rudawal, Jarila, 
Bamanpura, Nagla Tulla, Baretha, Bankukara, Tarsuman, Nahro, Seupura and 
Thanadung, whereas the main town Bayana lies just outside the watershed boundary 
about 5 km in the west (Figure 3.2). 
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Figure 3.2: Base map of the study area 
The study area is mainly drained by the Kakund river, which rises from Malwa 
protected forest area in the south and flows primarily North-South in a meandering 
pattern showing entrenched meanders at a few places. Kakund is a right bank tributary 
of Gambhir river which flows for a total length of 49 km before joining Gambhir at 
Mandapura. The Kakund river encompasses the elevated Vindhyan plateau in the 
southern part of the watershed from which it descends in a series of minor falls near 
village Gandhadang. These waterfalls testify to the rejuvenation of the streams 
(Sharma, 1986). 
The area has predominant agriculture as the main occupation. The district has 
seen 27.05% increase in population during 1991 to 2001 period. Bayana which forms 
the major part of the Kakund watershed has a population 225348 and growth of 
27.09% from 1991 to 2001. Population density in the district, as per 2001 cencus is 
414 pesons per square kilometer. 
3.2 Climate: 
Bharatpur district experiences semi-arid climate, becomes extremely hot in the 
summer and moderately cold during winter. The period of monsoon is very short, out 
of which maximum 80% is received during the southwest monsoon from July to 
September. 
The mean annual temperature ranges between 24°C and 27°C, in the western 
part, average temperature recorded in the months of May and June is around 40°C to 
43°C, while the mean winter temperature drops to 12.9° C during the months of 
December and January. In general the month of May is the hottest and January is the 
coldest, while July and August represent rainy months. 
3.2.1 Temperature: 
The recorded temperature data for 1974 - 1985 and 1996 - 2006 periods 
obtained from India Meteorological Department (IMD), Pune, has data gaps from 
1986 to 1995. For analysis the data was divided into three seasons viz., summer 
(March, April, May and October), winter (November, December, January and 
February) and monsoon (June to September). However the data gaps were filled by 
using temporal interpolation method by computing monthly value as an average of the 
same month for a period between ± 2 years (Mitchell et al., 1966). It was found that 
from 1974 to 2006 period the maximum day time temperature in summer and winter 
has increased by 0.19°C and 1.45°C respectively, whereas in monsoon it has shown a 
decline of 1.77°C. The minimum night time temperature has also increased by 0.23°C, 
2.65°C and 2.79°C during summer, winter and monsoon seasons respectively (Table 
3.1). The trends computed for annual average maximum and minimum temperatures 
show increasing trend from 1974-2006, for all the three seasons. However for 
monsoon season the maximum temperature shows a decreasing trend. The trends for 
annual average maximum and minimum temperatures show wide variations (Figure 
3.3a and b). 
High temperatures i.e. above 40°C are recorded during the summer months, 
April to June, with May experiencing highest temperature of about 44°C. December 
and January are the coldest months with an average minimum temperature of about 
7°C. In January, minimum temperature can go down to 6'^ C. 
Table 3.1: Disparity in maximum and minimum temperatures (1974-1985 and 1996-
2006) 
YEAR 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
Difference 
(1974-2006) 
MAXIMUM ("C) 
SUMMER 
34.20 
36.58 
37.90 
36.48 
36.85 
36.80 
40.33 
37.53 
35.93 
36.00 
38.00 
36.88 
32.09 
34.65 
36.78 
38.23 
38.50 
36.10 
38.33 
35.87 
37.10 
33.89 
34.39 
0.19 
WINTER 
26.35 
24.68 
25.51 
26.33 
25.03 
24.98 
26.05 
25.88 
25.70 
24.53 
25.10 
25.80 
27.84 
23.45 
25.15 
25.55 
22.65 
28.50 
26.13 
23.70 
18.20 
26.95 
27.80 
1.45 
MONSOON 
37.00 
32.77 
34.88 
34.48 
34.85 
38.58 
36.83 
37.83 
38.48 
37.70 
34.90 
35.38 
36.53 
36.40 
36.65 
36.73 
36.93 
36.83 
37.98 
34.30 
36.14 
35.20 
35.23 
-1.77 
MINIMUM ("C) 
SUMMER 
19.40 
20.30 
20.20 
8.05 
19.98 
19.80 
22.87 
20.18 
18.30 
19.10 
19.95 
20.50 
18.53 
20.13 
22.20 
21.70 
22.23 
21.20 
22.45 
10.00 
16.23 
19.45 
19.63 
0.23 
WINTER 
9.40 
7.75 
7.90 
11.08 
9.00 
10.78 
9.55 
9.05 
9.58 
7.90 
8.48 
9.80 
8.30 
10.50 
11.08 
11.05 
9.40 
8.95 
12.77 
8.50 
10.63 
11.50 
12.05 
2.65 
MONSOON 
23.50 
25.40 
24.45 
21.00 
26.05 
26.23 
26.10 
25.78 
25.90 
25.40 
26.33 
26.28 
14.00 
26.38 
27.40 
27.08 
26.58 
26.83 
27.40 
27.11 
27.26 
26.29 
26.29 
2.79 
(Source: IMD, Pune) 
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Figure 3.3: Trends in annual average (a) Maximum and (b) Minimum temperatures 
from 1974-2006 
3.2.2 Rainfall: 
Rainfall data (1971-2006) obtained from India Meteorological Department (IMD), 
Pune shows that the maximum rainfall of 1314 mm has occurred in 1995 and minimum 
rainfall of 224 mm in 1987 (Table 3.2). The area gets an annual average rain fall of 660 
mm, of which about 80% is received during south-west monsoon (July-September). 
Analysis of rainfall data shows that the standard deviation in the annual rainfall is about 
241.01 mm with a coefficient of variation of 37.38%. The analysis shows a general 
decline in the rainfall from 1971 to 2006 except for few years where rainfall shows abrupt 
increase (Figure 3.4). This anomaly is observed for 1977, 1982, 1995 and 1996 with 
increasing trend and the percentage departure of realised rainfall from normal rainfall is 
between - 0.65 and + 1.04. The average potential evapotranspiration of the area is 
122.25 mm, maximum and minimum being 208.3mm and 49.7 mm, respectively. 
Average relative humidity is 59.42%, with maximum (81%) recorded in August and 
the minimum (18%) in the month of April. 
Table 3 2 Average annual rainfall in Bayana (1971-2006) 
Year 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
TOTAL 
Bayana rainfall (mm) 
893 3 
866 5 
5192 
551 1 
838 
824 4 
1027 1 
659 5 
249 
5146 
513 
10182 
925 6 
595 8 
712 
425 
224 
587 
511 
632 
385 
693 
566 
785 
1314 
1032 
705 
848 
469 
333 
449 
304 
649 
448 
630 
515 
23211 3 
(x-x') 
248 54 
221 74 
-125 56 
-93 66 
193 24 
179 64 
382 34 
14 74 
-395 76 
-130 16 
-131 76 
373 44 
280 84 
-48 96 
67 24 
-219 76 
-420 76 
-57 76 
-133 76 
-12 76 
-259 76 
48 24 
-78 76 
140 24 
669 24 
387 24 
60 24 
203 24 
-175 76 
-311 76 
-195 76 
-340 76 
4 24 
-196 76 
-14 76 
-129 76 
(x-x)' 
61772 96 
49169 37 
15764 90 
8771 88 
37342 34 
32271 13 
146185 15 
21732 
156624 66 
16941 19 
17360 26 
139458 68 
78872 04 
2396 92 
4521 44 
48293 73 
177037 58 
3336 03 
17891 29 
162 78 
67474 39 
2327 26 
6202 88 
19667 73 
447884 41 
149956 11 
3629 06 
41307 18 
30890 99 
97193 26 
38321 33 
11611624 
17 99 
38713 84 
21781 
16837 23 
X209114931 
DEPARTURE 
0 39 
0 34 
-0 19 
-0 15 
-0 15 
0 28 
0 59 
0 02 
-0 61 
-0 20 
-0 20 
0 58 
0 44 
-0 08 
0 10 
-0 34 
-0 65 
-0 09 
-0 21 
-0 02 
-0 40 
0 07 
-0 12 
0 22 
1 04 
0 60 
0 09 
0 32 
-0 27 
-0 48 
-0 30 
-0 53 
001 
-0 31 
-0 02 
-0 20 
Total = 23211 3 
Average (X') = 644 75 
Standard deviation = V (2^  / N) = 241 01 mm 
N IS number of years which is 
Coefficient of variation = Standard deviation x 100 = 37 38% 
Average rain 
Departure is= X_- 1 varies each year is shown in Table 3 2 
X' 
(Source IMD, Pune) 
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Figure: 3.4: (a) Variation in annual rain fall and (b) Departure of rain fall from the 
average 
3.3 Physiography 
Physiographically, Rajasthan is divided into four regions bearing a close 
relationship with the geological history of the state, namely, (i) Western desert plains, 
(ii) Aravalli mountain range, (iii) Eastern plains and (iv) Vindhyan plateau 
(Madhavan, 2001). The major part of Bharatpur district lies in the Eastern plains and a 
small part in Vindhyan plateau. The Bharatpur district can be divided into three 
physiographic units i.e., vast plains occupied by alluvium and windblown sand, highly 
dissected hills forming bad land and long low lying flat topped hill ranges. Three 
rivers, namely Banganga, Rooparel, and Gambhir which originate outside the district 
pass through the Bharatpur district. Kakund river is a tributary of Gambhir river and 
the Kakund watershed represents alluvial plain in the northern part, hills/ridges and 
valleys in the central part and plateau in the southern part. 
A noteworthy physiographic feature of the study area is the Baretha Lake on 
the Kakund river spreading m 6.90 km area with total catchment area of 182 km in 
the central part of the watershed (Figure 3.5). The lake is used for storing rainwater 
for drinking and irrigation purposes to nearby towns, including Bayana and 
Bharatpur. 
Figure 3.5: Baretha Lake on the Kakund river 
3.3.1 Elevation/Slope: 
The elevation information derived from Shuttle Radar Topography Mission 
(SRTM) shows maximum and minimum elevations 361 and 180 meter above mean 
sea level (MSL) respectively. The Digital Elevation Model (DEM) provides a general 
topographic view of the study area. It shows moderate to high relief (240 - 361) is 
nearby in the south, south-east, south-west. At few places in the eastern, western and 
central parts gentle relief is encountered, where elevation values are between (220 -
240) meter above MSL, however it represents a gentle relief area in the north, north-
east, north-west, where elevation values are between (180 - 220) meter above MSL 
(Figure 3.6). 
The Digital Elevation Model (DEM) (Figure 3.6) reveals that higher 
elevations ranging from 240 - 361 meter above MSL are encountered in Vindhyan 
plateau in the southern, south-eastern, and south-western parts of the watershed, 
representing a dominant geomorphological unit. The elevation range of 220-341 
meter MSL level is mainly confined to the linear ridge in the south western, western 
and central parts of the watershed. The elevation ranging from 220 - 251 meter above 
MSL is mainly associated with residual hills in the central part. The elevation ranging 
from 180 - 220 meter above MSL is mainly associated with alluvial plains in the 
northern, north-eastern and north-western parts of the study area. Digital Elevation 
Model (DEM) was taken as input for the creation of slope map of the study area, a 
command in SAGA software through module, terrain analysis and standard terrain 
analysis was given, as automatic slope map was generated which shows slope ranges 
from O" to 15''. The slope was then imported into the Arc-GlS software in ASCII 
format for creation of five categories of the slope of equal intervals viz; very gentle 
(0° - 3"), gentle (3^ - 6^), moderate (6° -9^), steep (9° -12°), and very steep (12" -15"). 
Figure 3.7 presents the slope map of the study area. In general the study area shows 
variation in slope. Narauli and Rudawal sub-watershed suggests very gentle to gentle 
slope, whereas rest of the sub-watersheds i.e. Bankukara, Tarsuman, Nahro, Seupura 
and Thanadung suggests moderate to steep slope. 
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Figure 3.6: Digital Elevation Model (DEM) generated from SRTM data 
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Figure 3.7: Slope map of Kakund watershed 
3.4 Geology: 
The geology of the Bharatpur district has been studied in detail by Heron 
(1917, 1922); Farmer, (1930); Pascoe, (1965); Iqbaluddin et al., (1978); Prasad, 
(1984); and Singh, (1982, 1985, 1991). The rocks of the Delhi Super group are exposed 
in the central and northern part of the district, whereas the members of Vindhyan Super 
group are exposed in the southern part of the district. Much of the district is covered by 
alluvium and wind blown sand of Recent to Sub-recent age. Bhilwara super group of rocks 
occur near the south western margin of the district and are composed mainly of schists and 
gneisses. The rocks of Delhi Super group have been divided into Railo, Alwar and Ajabgarh 
Groups in Bharatpur district (Singh, 1977, 1982). Vindhyan Super group occupy the 
southern and south eastern part of the district. The Vindhyans are separated from members 
of Delhi Super group by a major fault. More than 85% of the area of the district is covered 
by Quartemary sediments mainly of alluvium of varying thickness and comprising of sand, 
silt, clays and kankars (CGWB, 1997). Table 3.3 presents the generalised stratigraphic 
succession in Bharatpur district. 
46 
Table 3.3 Geological Sequence in Bharatpur district. 
Geological 
Age 
Quartenary 
Super 
group 
-
Group 
Recent 
Series 
Recent to sub 
recent 
Formation 
Alluvium and wind blown sand 
Unconformity 
Proterozoic 
Vindh>an Bhander 
Sirbu shaJe , 
Upper Bhander 
sandstone 
Lower Bhander 
sandstone 
Ganurgarh 
Shale wilh sandstone and limestone 
Sandstone with shale and limestone 
Sandstone with shale intercalation 
Variegated shale 
Unconformity 
Delhi 
Ajabgarh 
Alwar 
Weir 
KushaJEarh 
Damdama 
Bayana 
Badalgarh 
Jogipura 
Argillaceous, metasedimentary. 
phyllites schists and marbles 
Arenaceous metasediments consisting 
of quartizites. conglomerates and 
gritty quartzites interbedded with 
phyllite etc 
Unconformity 
Archaean Bhilwara Ranthambor Schists, gnieses and granites 
Source singh (1982), CGWB (1997) 
The study area i.e. Kakund watershed represents two prominent geological 
groups, the Vindhyan Super group and the Quaternary formation (Figure 3.8). 
3.4.1 Vindhyan Super-group: 
Vindhyans constitute the major geological formations in the study area. The 
rocks of Vindhyan Super group occupy the southern, south-eastern, south-western and 
at few places eastern part of the watershed. The general trend of the bedding is NE-
SW and the rocks occur in discontinuous to isolated hills with moderate relief 
(CGWB, 1986). Among the different members of Vindhyan Super Group, Sirbu shale 
and Upper Bhander sandstone are present in the study area and, amongst the two, the 
Upper Bhander sandstone is exposed in a larger area. 
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Figure 3.8: Geological map of the Kakund watershed 
The Upper Bhander sandstone is the youngest horizon of the Vindhyans. The 
sandstone is argillaceous to arenaceous and show thin laminations, among the primary 
structures are ripple marks, load casts, pillow structures and cross bedding (Figure 
3.9). Both thick and thin bedded sandstones ranging from few centimetres to about 2 
meters are present. The beds have horizontal to sub-horizontal dips and two sets of 
joints are common but at places three sets of joints are also reported. 
3.4.2 Quarternary formation: 
Quaternary formation in the form of alluvium constitutes the second major 
geological formation and is confined to the northern, north eastern, north western and 
central parts of the study area. The alluvium consists of sand, silt and clay, and its 
thickness in the study area increases from south to north. The wind blown sand is 
reported from the central part of the study area, and is fine to moderate in texture 
mixed with clay and silt. 
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Figure 3.9: Upper Bhander sandstone with (a) thin laminations and (b) cross bedding, 
near Baretha Lake 
3.5 Geomorphology: 
The Bharatpur district forms part of Eastern Rajasthan plains and southern 
Vindhyan plateau, and presents a complex record of landscape evolution. The rocks of 
Delhi and Vindhyan Supergroups underwent polycyclic planation. The strain of post-
collision Himalayan tectonics resulted in slope mutation in Bharatpur district which 
changed slope from westerly to easterly (Iqbaluddin et al., 1997). The Bharatpur 
district has been divided into following six geomorphic zones, structural Hills and 
Valleys of Delhi Supergroup, Vindhyan Plateau, Aligarh Older Alluvial plain, Burried 
pediment, Banganga Recent Flood Plain and Aeolian Deposits (Iqbaluddin et al., 
1997) 
Major geomorphological features in the study area are E-W trending linear 
ridges (hog's back and cuesta), in the south west, central part of the study area, flat 
topped hills in the form of plateau in the southern, south eastern and south western 
section, and alluvial plains in the northern, north eastern, and north western part of the 
study area. 
3.6 Drainage: 
Kakund river is the right bank tributary of the Gambhir which rises from 
Malwa protected forests area and joins the main river near Mandapura with a channel 
length of 49 km. Nahro nadi is the major tributary of Kakund which originates at 
Unchagaon village (26° 38' 55" and 77° 14' 39"). The Kakund river traverses over an 
elevated rocky plateau of Vindhyan rocks from which it descends in a series of minor 
falls near villages Gudhang and Dir (26° 49' 57" and 77° 22' 51"). The higher course 
of the river represents meandering nature where ox-bow lakes, meander belt etc. are 
conspicuous features, which have now been vanished due to extensive human activity. 
The Kakund river takes an abrupt elbow turn near Bhagor-ka-Nagla and joins the 
Gambhir river after running parallel to sub-parallel to the main river for a distance of 
about 10 km in a semi-circular pattern (Figure 3.10). The drainage pattern is mainly 
controlled by the lithology, structure and topography. Dendritic to sub-dendritic 
pattern is predominant however locally parallel to sub-parallel drainage pattern is also 
developed at places, trellis pattern is also seen where lineaments are developed. 
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Figure 3.10: Major streams and surface water bodies in the study area 
3.7 Hydrogeology: 
Groundwater in the study area occurs both in alluvium and in hard rocks. In 
hard rocks it occurs under confined conditions in the weathered and fractured zones 
but in alluvium it occurs under unconfined to confined conditions. The fi-actured and 
weathered zones in hard rocks form very poor aquifer. 
Hard rocks form the aquifers mainly in the southern, south-eastern and south-
western part of the study area. Sandstones being highly resistant but due to the 
presence of two sets of joints they are the major source of groundwater resources 
where ground water occurs under water table conditions. The yield of wells tapping 
sandstone ranges from 80 to 600 m^/day and recuperation is markedly slow (CGWB, 
1981). 
Among all types of aquifers alluvial aquifer is the most potential, and consists 
of gravel, sand, silt, clay and kankar. The aquifers fall under three categories; 
unconfined, semi-confined and confined. The phreatic (unconfined) aquifer represents 
the major category in alluvial aquifers of the study area. The yield of open wells 
tapping phreatic aquifer ranges from 90 to 1050 m^/day (CGWB, 1981). 
3.7.1 Depth to water table: 
The depth to water level data measured in the months of January, April, 
May/June. August, and November from 1978 to 1995 (Table 3.4). The decline or rise 
in water table depends on the specific yield, amount of rainfall received, topographic 
conditions etc. The analysis has shown that there is general decline in depth to water 
level from 1978 to 1995. The depth to water level during 1978 - 1995 periods shows a 
variation between 7.90 to 12.44 below ground level (bgl) in January, 7.00 to 9.95 bgl 
in April, 7.57 to 12.79 bgl in May/June, 6.71 to 11.81 bgl in August, and 6.42 to 
11.62 bgl in November respectively. The analysis also reveals that the average depth 
to water level has gone down by 3.42 mts from 1978-1995. 
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Table 3.4: Details of the depth to water level (bgl) from 1978-1995 
Years 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
January 
-
8.85 
-
8.32 
9.39 
9.99 
7.9 
8.43 
8.53 
10.22 
11.07 
10.76 
11.4 
10.7 
11.83 
11.15 
12.44 
11.07 
(-2.22) 
April 
7 
7.09 
9.85 
9.85 
-
8.79 
8.4 
-
-
-
-
-
-
-
-
-
-
-
(-1.4) 
May/June 
7.6 
7.57 
9.93 
10.41 
10.47 
11.56 
-
9.5 
9.77 
10.98 
12.17 
11.9 
12.16 
11.94 
13.02 
12.06 
12.79 
12.1 
(-4.5) 
August 
6.71 
-
8.9 
8.11 
-
8.23 
8.15 
8.57 
8.39 
9.12 
10.4 
11.81 
11.35 
11.4 
11.58 
-
8.52 
7.88 
(-1.17) 
November 
6.42 
8.2 
9.5 
7.98 
-
7.72 
8.11 
7.51 
10.31 
11.22 
10.45 
10.1 
10.68 
11.71 
10.95 
10.53 
11.66 
-
(-5.24) 
Average 
6.93 
7.93 
9.5 
8.93 
9.93 
9.26 
8.14 
8.50 
9.25 
10.39 
11.02 
11.14 
11.40 
11.44 
11.85 
11.25 
11.35 
10.35 
(-3.42) 
(CGWB, 1997) 
The maximum decline 5.42 m was observed in November (1978-1995), 
whereas minimum decline of 1.4 m was observed in the month of April (1978-1995). 
The decline in depth to water level from 1978 to 1995 may be attributed to decrease in 
rainfall and increase in temperature. Figure 3.11 represents variation in depth to water 
table from 1978 to 1995. 
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Figure 3.11: Increase in depth to water level (bgl) (1978 - 1995) 
3.8 Soils and Agriculture: 
Bharatpur district represents five major types of soils namely, sandy, sandy 
loamy, clay loamy, clay and loam. In north eastern part of the district clay loam is 
dominant soil. In the central part loam soils are more prevalent while in south western 
part sandy loam soils are predominant. The problem of soil salinity and alkalinity is 
very common in Bharatpur district. In Bayana and Roopbas tehsil the problems of 
impended drainage and salinity exists under tank irrigation areas (CGWB, 1986). The 
study area i.e. Kakund watershed is dominated by the two types of soils i.e. sandy and 
sandy loamy soils (Figure 3.12). Thick cover of soils i.e., sandy loamy soil ranging 
from 10 to 25 cm are present in the northern part, whereas in the southern part the 
thickness of the soils varies from 0 to 17 cm. 
The study area has dominant agricultural activity and is the main occupation 
of the local people. Agriculture is mainly rainfed and the area has very few sources of 
irrigation espacially the Baretha lake which irrigates sufficient land in the study area. 
In the study area bajra, jowar and pulses are the main Kharif crops and wheat and 
barley are the chief Rabi crops. Other crops grown in and around the study area are 
sesamum, gram, mustard and a variety of pulses. 
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Figure 3.12: Soil map of the study area 
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CHAPTER - IV 
MORPHOMETRIC ANALYSIS 
4.1 General Statement: 
Morphometry is the measurement and mathematical analysis of configuration 
of the earth's surface, shape and dimensions of its landforms (Hlaing et al., 2008). 
Morphometric analysis requires measurement of linear features, gradient of channel 
network and contributing ground slopes of the drainage basins (Nautiyal, 1994). 
Systematic description of the geometry of a drainage basin and its stream channel 
network requires measurement of linear aspects of the drainage network, areal aspects 
of the drainage basin and relief (gradient) aspects of channel network and contributing 
ground slopes. Whereas the first two categories of measurement are planimetric i.e., 
treat properties projected upon a horizontal datum plane, the third category treats the 
vertical inequalities of the drainage basin forms (Chow, 1964). Morphometric analysis 
provides quantitative description of the basin geometry to understand initial slope or 
inequalities in the rock hardness, structural controls, recent diastrophism, geological 
and geomorphic history of drainage system. Moreover it is an important aspect of 
characterization of watersheds (Strahler, 1964). Evaluation of morphometric 
parameters necessitates analysis of various drainage parameters i.e. stream order (U), 
stream length (Lu), bifurcation ratio (Rb), stream length ratio (RL), basin length (BL), 
basin width (Bw), drainage density (D), stream frequency (Fs), basin shape (Bs), 
compactness coefficient (Cc), elongation ratio (Re), circularity ratio (Re), form factor 
(Rf), relief ratio (Rh), length of overland flow (Lg), constant of channel maintenance 
(C). 
The pioneering work on the drainage basin morphometry was carried out by 
Horton (1932, 1945); Miller (1953); Smith (1954); Strahler (1964). The other notable 
works on drainage morphometry include that of Bennet (1933); Hack (1960); Byrne 
(1964); Clarks (1966); Jones (1986); Strahler (1952, 1957, 1958, 1964, 1971); 
Thomas and Sharma (1972); Ongley (1974); and others. 
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4.2 Application of Remote Sensing and GIS in Morphometric studies: 
Remote Sensing technique is a convenient method for morphometric analysis 
since the satellite images provide synoptic view of a large area which is very useful in 
picking up drainage network of an area. Multi-spectral satellite data provides a 
convenient means to analyze drainage and distinct landform characteristics at various 
scales. The satellite remote sensing has the ability to provide synoptic view of large 
area and is very useful in analyzing drainage morphometry. Remote sensing 
techniques using satellite images and aerial photographs are convenient tools for 
morphometric analysis. Remote sensing and GIS has established as an efficient tool in 
drainage delineation and updation. Integration of remotely sensed data with GIS is an 
efficient and widely accepted approach in analyzing morphometric parameters and 
landform characteristics. 
Drainage channels are easily interpreted on the satellite images through their 
photo-recognition characters in the form of linearity of tone/texture. GIS is an 
effective tool to analyze spatial and non-spatial data on drainage, geology, landforms 
and soil parameters to understand their inter-relationships. Geo-coded resource 
database generated on drainage, landforms and soil parameters in the core of GIS 
provides an excellent means of storing, retrieving and analyzing at river basin level. It 
also provides a powerful mechanism not only to upgrade and monitor morphometric 
parameters but also to permit the spatial analysis of the associated resources database 
(Jain et al., 1995). GIS provides an efficient technique in determining the quantitative 
description of the basin geometry (Biswas et al., 1999). Remotely sensed data with 
high spatial resolution coupled with topographic analysis makes morphometric 
analysis an effective method to understand and manage natural resources (Srinivasan, 
1988). It provides a real time and accurate information related to distinct geological 
formations, landforms and helps in identification of drainage channels, which are 
altered by natural factors or human induces activities. 
Some of the recent studies in India on morphometric analysis using remote 
sensing technique have been carried out by Srivastava (1997) in Jharia coal field. 
More recently, Sloanke et al. (2005) attempted characterization and management of 
watershed using remote sensing and GIS in Ganeshapur watershed of Nagpur district. 
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Bhatt et al. (2007) carried out morphometric analysis in Anandpur Sahib area of 
Punjab. Pankaj and Kumar (2009) carried out morphometric analysis of five major 
sub-watersheds of Song River, Dehradun District, Uttarakhand using GIS techniques. 
The present study has utilized SOI toposheet and IRS LISS III data for 
drainage delineation and updation and sub-sequently morphometric analysis has been 
carried out at sub-watershed level. The drainage pattern of the study area is 
predominantly dendritic to sub-dendritic in nature, however locally structural 
controlled drainage pattern is also seen in many sub-watersheds (Figure 4.1). 
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Figure 4.1; Drainage map of the Kakund watershed 
4.3 Morphometric analysis of the sub-watersheds and Kakund watershed: 
Morphometric parameters have been classified into three groups: (a) linear 
aspect, (b) areal aspect and (c) relief aspect. Linear aspects include stream order (U), 
stream number (Nu), stream length (Lu), mean stream length (Lsm), stream length 
ratio (RL), and bifurcation ratio (Rb). Areal aspects include drainage density (D), 
stream frequency (Fs), drainage texture (Rt), basin shape (Bs), form factor (Rf), 
circularity ratio (Re), elongation ratio (Re), length of overland flow (Lg), constant of 
channel maintenance (C) and compactness coefficient (Cc). Relief aspects consist of 
relief ratio (Rh), basin length (Lb), sinuosity index (Si) and ruggedness number (Rn). 
Morphometric analysis has been carried out at sub-watershed level, under 
linear, areal and relief aspects using standard methods and formulae (Table 4.1). 
For the propose of morphometric analysis the Kakund watershed is 
demarcated into seven sub-watersheds namely Narauli, Rudawal, Bankukara, 
Tarsuman, Nahro, Seupura and Thanadung, having 83.44, 42.10, 29.71, 16.87, 49.16, 
30.16 and 44.40 km^ area respectively. Nahro and Thanadung are of fifth order sub-
watersheds whereas rest of the sub-watersheds are of fourth order. The whole Kakund 
watershed is of sixth order (Table 4.2). The characteristics of sub-watersheds are 
discussed in the next section under linear, relief and areal aspects. 
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Table 4.1: Morphometric parameters and their formulae 
Morphometric Parameters 
Stream order (U) 
Stream Number (Nu) 
Stream length (Lu) 
Mean stream length (Lsm) 
Stream length ratio (RL) 
Bifurcation ratio (Rb) 
Mean bifurcation ratio (Rbin) 
Relief ratio (Rh) 
Drainage density (D) 
Stream frequency (Fs) 
Drainage texture (Rt) 
Form factor (Rf) 
Circularity ratio (Re) 
Elongation ratio (Re) 
Length of overland flow (Lg) 
Constant channel Maintenance (C) 
Basin shape (Bs) 
Compactness coefficient (Cc) 
Sinuosity inde\(Si) 
Ruggedness number (Rn) 
Formula 
Hierarchail rank 
Stream Segments of order u 
Length of streams 
Lsm = Lu/Nu 
Where, Lsm = Mean stream length 
Lu = Total stream length of order 'u" 
Nu = Total no of streams segments of order 'u" 
RL = Lu/Lul 
Where. RL = Stream length ratio 
Lu = Total stream length of order "u' 
Lu! = Total stream length of its next lower order 
Rb = Nu/Nul 
Where, Rb = Bifurcation ratio 
Nu = Total no ot stream segments ot order "u" 
Nul= No ot segments ot the next higher order 
Rbm = Average of bifurcation ratios ot all orders 
Rh = H/Lb 
Where, Rh = Relief ratio 
H = Total relief (Relative relief) of the basin kilometre 
Lb = Basin length 
D = Lu/A 
Where, D = Drainage density 
Lu = Total stream length of all orders 
A = Area of the basin (Km^) 
Fs = Nu/A 
Where, Fs = Stream frequency 
Nu = Total no ot streams of all orders 
A = Area ot the basin (Km^) 
Rt = Nu/P 
Where, Rt = Drainage texture 
Nu = Total no of streams of all orders 
P = perimeter ot the basin (Km) 
Rt = A/Lb^ 
Where, Rf = Form factor 
A = Area of the basin (Km^) 
Lb^  = Square of the basin length 
Rc= 12 57A/P-
Where, Re = Circularit) ratio 
A = Area of the basin (Km") 
P^  = Perimeter (Km) 
Re = (2/Lb)*\(A/P) 
Where, Re = Elongation ratio 
A = Area of the basin (Km^) 
Lb= Basin length 
Lg=i/D*2 
Where, Lg = Length of overland flow 
D = Drainage density 
C= 1/D 
Bs = Lb-/A 
Cc = 0 282 I P / A " ' 
Si=(X/Y) 
Where, \ = Average Drainage length 
Y = Basin length 
Rn=D*H/5280 
Where, D= Drainage density 
H= Total rehet 
Reference 
Strahler(1964) 
Horton(1945) 
Horton(1945) 
Strahler(l964) 
Horton(1945) 
Schumn(1956) 
Strahler(1957) 
Schumn(1956) 
Horton(1932) 
Horton(l932) 
Horton(1945) 
Horton(!932) 
Miller(1953) 
Schumn(1956) 
Horton(1945) 
Schumn(1956) 
Horton(l945) 
Horton(1945) 
Leopold (1964) 
Singh (1971) 
(Chopra et al, 2005) 
Table 4.2: Stream analysis of the sub-watersheds and whole Kakund watershed 
Narauli sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cumulative stream length (km) 
Mean stream length (km) 
Rudawal sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulatne stream length (km) 
Mean stream length (km) 
Bankukara sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Tarsuman sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Nahro sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Seupura sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Thanadung sub-watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Kakund watershed 
Stream Order 
Number of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
P' 
53 
31 75 
31 75 
0 6 
, s . 
56 
29 77 
29 77 
0 53 
1=' 
245 
68 81 
68 81 
0 28 
1" 
94 
31 17 
31 17 
0 33 
V 
189 
84 85 
84 85 
0 45 
1^ ' 
86 
41 82 
41 82 
0 49 
1" 
148 
71 39 
71 39 
0 48 
1^ ' 
863 
351 63 
351 63 
041 
2"" 
13 
10 68 
42 43 
0 82 
-jnd 
13 
13 11 
42 87 
1 01 
•^nd 
51 
26 32 
95 13 
0 52 
•^nd 
20 
10 68 
41 85 
0 53 
'^nd 
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30 38 
115 23 
0 69 
^nd 
21 
19 27 
6109 
0 92 
-jnd 
38 
23 19 
94 58 
061 
-%nd 
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125 91 
477 54 
0 64 
3'^  
3 
13 66 
56 09 
4 55 
3rd 
4 
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56 07 
3 3 
•3rd 
11 
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103 52 
0 76 
3rd 
2 
981 
51 66 
4 9 
-ird 
11 
1105 
126 28 
1 
3rd 
3 
1193 
73 03 
3 98 
3rd 
10 
19 45 
114 03 
195 
3rd 
44 
89 73 
567 28 
2 04 
4'!' 
1 
21 06 
77 15 
21 06 
4'^  
2 
1861 
74 68 
931 
4.^  
2 
8 97 
112 49 
4 49 
4'" 
1 
3 22 
54 88 
3 22 
4* 
4 
10 77 
137 05 
2 69 
4"^  
1 
5 53 
78 56 
2 76 
4tH 
2 
4 52 
118 54 
2 26 
4"" 
9 
38 56 
605 84 
4 28 
5'" 
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6 68 
143 73 
6 68 
5'^  
1 
11 44 
129 98 
11 44 
5-^  
3 
16 1 
621 94 
5 37 
6'^  
1 
25 99 
647 93 
25 99 
4.3.1 Linear Aspects: 
Linear aspects include stream order, stream number stream length, mean 
stream length, stream length ratio, and bifurcation ratio and are discussed below: 
4.3.1.1 Stream Order (U): 
Stream Order (Nu) expresses the hierarchal relationship between the 
individual stream segments that make up a drainage network. The first step in 
drainage basin analysis is the designation of stream orders, following a system 
introduced by Horton (1945). The streams have been ranked following Strahler's 
(1964) stream ordering system based on hierarchic ranking of streams. In the "Strahler 
system" (1952), a stream segment with no tributaries is a first-order stream, a second-
order stream is formed by joining of two first-order streams, where two second-order 
streams join, the stream is designated as third-order, and so forth. 
Usefulness of the stream order system depends on the premise that on an 
average, stream order and stream number is directly proportional to the size of the 
contributing watershed, to channel dimensions, and to stream discharge at that place 
in the system. Since order number is dimensionless, two drainage networks differing 
greatly in linear scale can be compared with respect to corresponding points in their 
geometry through use of order number. 
Stream orders of the sub-watersheds reveal that Narauli, Rudawal, Bankukara 
and Tarsuman and Seupura are of fourth order, however Nahro and Thanadung are of 
fifth order sub-watersheds, where as the whole Kakund watershed is of sixth order 
(Table 4.2). 
4.3.1.2 Stream number (Nu): 
The details of stream characteristics conform to Morton's (1932) "law of 
stream numbers" which states that the number of streams of different orders in a 
given drainage basin tends closely to approximate an inverse geometric ratio. 
According to Horton's principle the number of streams is negatively correlated with 
the order, i.e. stream number decreases with increase in stream order. 
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4.3.1.2 Stream number (Nu): 
The details of stream characteristics conform to Horton's (1932) "law of 
stream numbers" which states that the number of streams of different orders in a 
given drainage basin tends closely to approximate an inverse geometric ratio. 
According to Horton's principle the number of streams is negatively correlated with 
the order, i.e. stream number decreases with increase in stream order. 
Stream number (Nu) here supports Horton's law i.e. stream number decrease 
with increase in stream order in all the sub-watersheds. Regression of stream number 
and stream order shows Narauli, Rudawal, Bankukara, Tarsuman and Seupura deviate 
from a straight line at 1 '^, 2"**, 3 '^', and 4* order, whereas Nahro and Thanadung show 
deviation at 1^ ' , 2"'' , 3^** and 5* orders (Figure 4.2) respectively, suggesting a 
regional upliftment. Kakund watershed as a whole also represents a decrease in 
stream number with increase in stream order. 
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Figure 4.2: Regression of number of stream segments with stream order 
when a logarithm of the number of streams of a given order is plotted against the 
stream order, the points lie on a straight line. 
Stream length (Lu) of the sub-watersheds reveals that Tarsuman, Nahro and 
Seupura sub-watersheds show a decreasing trend with increase in stream number, whereas 
Narauli, Rudawal, Bankukara and Thanadung show variation from the general trend, 
representing a drainage anomaly. This anomaly may be attributed to high relief and/or 
steep slope (9 to 12*^ ) in Bankukara and Thanadung sub-watersheds, and moderate 
relief and/or gentle slope (3 to 6 )^ in Narauli and Rudawal sub-watersheds, underlain 
by varying lithology and probable upliftment of the basin. Stream length (Lu) of the 
whole Kakund watershed shows variation in sixth order thus representing a drainage 
anomaly. 
4.3.1.4 Mean Stream lensth (Lsm): 
The mean stream length (Lsm) of a channel is a dimensional property 
revealing the characteristic size of components of a drainage network and its 
contributing basin surfaces (Strahler, 1964). The mean stream length (Lsm) is 
computed by dividing the total stream length of order 'u' by the number of stream 
segments of order 'u' (Srinivasa, et al., 2004). In general, mean length of channel 
segments of a given order is greater than that of the next lower order but less than the 
next higher order. When the logarithm of number of streams is plotted against order, 
most drainage networks show a linear relationship, with a small deviation from a 
straight line (Chow, 1964). 
Mean stream length (Lsm) of all the sub-watersheds reveals an increasing 
trend with the increase in stream order, except for Tarsuman sub-watershed which 
shows variation at 3"^  order. Kakund watershed too shows an increase in mean stream 
length with increase in stream order. 
4.3.1.5 Stream Lensth Ratio (RL) 
Stream length ratio (RL) may be defined as the ratio of the mean length of an 
order to the next lower order of stream segment. Horton's (1945) law of stream length 
states that mean stream length segments of each of the successive orders of a basin to 
approximate a direct geometric series with streams length increases towards higher 
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order of streams (Srinivasa et al., 2004). Morton's laws of stream numbers and lengths 
support the theory that geometrical similarity is generally preserved in basins of 
increasing orders. In other words, a basin of the third order would tend to be 
geometrically similar to the second order basins which lie within it, and these in turn 
would be similar to the first order basin within them (Chow, 1964). It is found that RL 
between successive stream orders of the watershed vary due to differences in slope 
and topographic conditions (Sudheer, 1986; Sreedevi, 1999). 
The stream length ratio (RL) between streams of different orders reveals 
variation in each sub-watershed. This may be attributed to variation in slope and 
topography. Narauli and Rudawal show an increasing trend in stream length ratio 
from lower order to higher order indicating mature geomorphic stage. In Bankukara, 
Tarsuman, Nahro, Seupura and Thanadung, stream length ratio (RL) values vary from 
one order to next order which indicate its late youth stage of geomorphic 
development. The stream length ratio (RL) of Kakund watershed shows variation 
from one order to another order which indicate their late youth stage of geomorphic 
development (Table 4.3). 
4.3.1.6 Bifurcation Ratio (Rb): 
This is a dimensionless parameter that expresses the ratio of the number of 
streams of any given order (Nu) to the number in the next lower order (Horton, 1945; 
Schumn, 1956). Horton (1945) considered bifurcation ratio as an index of relief and 
dissections. Strahler (1957) demonstrated that bifurcation ratio shows a small range of 
variation for different regions or for different environment except where the powerful 
geological control dominates. If bifurcation ratio is not same from one order to its 
next order, then these irregularities are attributed to geological and lithological 
development of a drainage basin (Strahler, 1964). Bifurcation ratio is an important 
parameter that expresses the degree of ramification of drainage network (Mesa, 2006). 
68 
Table 4.3: Results of the morphometric analysis of the sub-watersheds and whole Kakund 
watershed 
Basin Parameters 
Bifurcation ratio 
(Rb) I/II 
Bifurcation ratio 
(Rb) Il/IIl 
Bifurcation ratio 
(Rb) III/IV 
Bifurcation ratio 
(Rb) IVA' 
Bifurcation ratio 
(Rb) VA'I 
Mean bifurcation 
ratio (Rbm) 
(RL) II/I 
Stream length ratio 
(RL) HI/II 
Stream length ratio 
(RL) IV/III 
Stream length ratio 
(RL) VAV 
Stream length ratio 
(RL) Vl/V 
Mean Stream length 
ratio (RLm) 
Dramage density (D) 
Stream frequency 
(Fs) 
Drainage texture (Rt) 
Form factor (Rf) 
Circularity ratio (Re) 
Elongation ratio (Re) 
Length of overland 
flow (Lg) 
Relief ratio (Rh) 
Maintenance (C) 
(per sq ft) 
Basin shape (Bs) 
Compactness 
coefficient (Cc) 
Sinuosity index(Si) 
Ruggedness number 
(Rn) 
Narauli sub-
watershed 
4 08 
4 33 
3 
3 8 
0 34 
1 28 
1 54 
_ 
_ 
1 05 
0 92 
0 84 
1 83 
0 45 
071 
0 22 
2 16 
0 0075 
10821 
221 
1 18 
1 42 
0018 
Rudawal sub 
watershed 
431 
3 25 
2 
3 19 
0 44 
1 01 
141 
_ 
_ 
0 95 
1 77 
1 78 
2 13 
0 3 
0 43 
0 19 
1 13 
0 0079 
56 38 
331 
1 53 
1 58 
0 031 
Bankukara 
sub-
watershed 
4 8 
4 64 
55 
. 
. 
4 98 
0 38 
0 32 
107 
_ 
. 
0 59 
3 79 
104 
11 75 
0 38 
0 54 
0 24 
0 53 
0 0067 
26 43 
2 63 
136 
2 22 
0 043 
Tarsuman 
sub-
watershed 
4 7 
10 
2 
5 57 
6 94 
4 49 
0 34 
_ 
031 
3 25 
6 94 
4 49 
0 34 
03) 
0 23 
061 
0013 
30 74 
2 97 
1 79 
1 94 
0 058 
Nahro sub-
watershed 
4 3 
4 
2 75 
4 
3 76 
0 36 
0 36 
0 97 
0 62 
_ 
0 58 
2 92 
5 07 
5 35 
0 18 
0 29 
0 12 
0 68 
0 0091 
34 2 
5 62 
1 87 
1 73 
0 084 
Seupura sub 
watershed 
4 1 
7 
3 
_ 
. 
4 7 
0 46 
0 62 
0 46 
_ 
_ 
051 
2 6 
3 68 
2 57 
02 
0 2 
0 13 
0 77 
00121 
38 29 
5 08 
2 22 
1 59 
0 074 
Thanadungsub 
watershed 
3 89 
3 8 
5 
2 
_ 
3 67 
0 32 
0 84 
0 23 
2 53 
_ 
0 98 
2 93 
4 48 
5 13 
0 18 
0 37 
0 14 
0 68 
0 0091 
34 15 
5 45 
1 64 
167 
0 078 
Kakund 
watershed 
4 38 
4 48 
4 89 
3 
3 
3 95 
0 36 
071 
0 43 
0 42 
1 61 
071 
2 19 
3 78 
11 77 
0 35 
041 
0 12 
091 
0 0062 
45 66 
2 86 
1 56 
371 
0 075 
Bifurcation ratios characteristically range between 3.0 and 5.0 for watersheds 
where the geologic structures do not distort drainage pattern. The theoretical least 
value of 2.0 is rarely approached under natural conditions. Since bifurcation ratio is a 
dimensionless property, and drainage systems in homogeneous materials tend to 
display geometrical similarity, it shows a small variation from region to region 
(Chow, 1964). The lower values of bifurcation ratio are characteristics of the 
watersheds which have suffered less structural disturbances (Nag, 1998). Whereas 
higher bifurcation ratio is the result of large variation in frequencies between 
successive orders and indicates a mature topography (Sreedevi et al., 2005). 
Bifurcation ratio (Rb) in the study area vary from 2.00 (Tarsuman) to 10.00 
(Tarsuman), higher Rb values in Bankukara (3'^ ''/4"^  order), Tarsuman (2"''/3'^ ^ order), 
Seupura (2"''/3'^ '' order) and Thanadung (3''''/4"' order) sub-watersheds indicate 
structural control drainage pattern. The mean bifurcation ratio (Rbm) of sub-
watersheds lies between 3.19 (Rudawal) and 5.57 (Tarsuman), which fall under 
normal basin category. The bifurcation ratio of the Kakund watershed ranges from 
3.00 to 4.89, and its mean bifurcation ratio (3.95) falls under normal basin category. 
4.3.2 Relief Aspects: 
Relief aspects include drainage parameters such as relief ratio, basin length, 
sinuosity index and ruggedness number and are discussed below. 
4.3.2.1 Relief Ratio (Rh) 
Schumn (1963) expressed Relief ratio (Rh) as the dimensionless height-length 
ratio between the basin relief and the basin length. The elevation difference between 
the highest and lowest points on the valley floor of a watershed is known as the total 
relief of that watershed. Relief ratio of a drainage basin is correlated with hydrological 
characteristics since it measures the overall steepness of a drainage basin and is an 
indicator of intensity of erosion processes operating on the slopes of the basin. Higher 
Rh values indicate steep slope and high relief, whereas, lower values may indicate, 
presence of basement rocks that are exposed as small ridges and mounds with gentle 
slope (GSI, 1981). Relief ratio (Rh) normally increases with decreasing drainage area 
and size of a drainage basin (Gottschalk, 1964). 
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The relief ratio (Rh) values vary from a lowest of 0.0067 (Bankukara) to a 
highest of 0.0130 (Tarsuman). Higher relief ratio (Rh) in Tarsuman, and Seupura sub-
watersheds indicate steep (9-12*^ ) to very steep slopes (12 - 15°) and high relief, 
whereas lower Rh values in Narauli, Rudawal and Bankukara sub-watersheds may 
indicate very gentle slope (0 to 3*^ ) and low relief However moderate slope (6 - 9 ) is 
present by Nahro and Thanadung sub-watersheds. The relief ratio (Rh) value of the 
whole Kakund watershed is 0.0062. 
4.3.2.2 Basin leneth (Lb) 
The basin length (Lb) corresponds to the maximum length of a basin measured 
parallel to the main drainage channel (Mesa, 2006). 
The basin length (km) of the sub-watersheds are 13.59 (Narauli), 11.81 
(Rudawal), 8.84 (Bankukara), 7.07 (Tarsuman), 4.29 (Nahro), 3.40 (Seupura) and 
15.59 (Thanadung). The basin length of the whole Kakund watershed is 29.11 km. 
4.3.2.3 Sinuosity Index (Si) 
Sinuosity is the degree to which a river deviates from a straight line (Schumm 
and Khan, 1972). The distance between two points on the stream measured along the 
channel divided by the straight line distance between the same two points is termed as 
sinuosity ratio (Brice, 1984; Ebisemiju, 1994) and is used to determine whether a 
channel is straight or meandering in nature. Sinuosity index (Si), is the ratio between 
channel length (1) and valley length (L) (Giamboni et al., 2005). Experimental studies 
as well as field observations suggest that much of the sinuosity variation of alluvial 
rivers reflects variability of valley slope (Schumm, 1981; 1993; Sinha, 2001). Thus, 
changes in valley-floor slope provide strong indication of downstream changes of 
sinuosity. Tectonic activity can be one of the forces controlling the changes of valley 
floor slope, together with local changes of sediment and water supply due to river 
junctions or changes in lithology (Schumm, 1986). 
A stream showing sinuosity index >1.5 may be treated as a meandering stream 
and <1.5 as non meandering. Further, if a stream at young stage shows Si > 1.6, it can 
be attributed to rejuvenation of stream (Sharma, 1986). 
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Sinuosity index (Si) of the sub-watersheds in the study area varies from 1.42 
in Narauli to 2.22 in Rudawal sub-watershed. Lower values indicate no or less 
meandering nature of streams whereas higher values are indicative of meandering 
river course and rejuvenation (Sharma, 1986). Sinuosity index (Si) of the whole 
Kakund watershed is 3.71 which conform its meandering course particularly in the 
northern part of the watershed (Figure 4.1). The results from the watershed suggest 
that the streams are in their youth stage, show Si value 1.6 and thus can be attributed 
to the phenomenon of rejuvenation. 
4.3.2.4 Russedness Number (Rn) 
Ruggedness number (Rn) is the product of local relief and drainage density. It 
suggests steepness of slope and indicates structural complexity of a terrain. Basins 
with high Rn values are highly susceptible to erosion (Reddy et al., 2004). 
Rn of Seupura and Thanadung sub-watersheds are quite high which indicate 
their susceptibility to erosion. Ruggedness number (Rn) of the Nahro sub-watershed 
(0.084) is high showing presence of hard and resistant rocks whereas in Narauli it is 
low (0.018) which suggest presence of alluvial material. The ruggedness number (Rn) 
of the Kakund watershed is relatively high (0.075), hence is highly susceptible to 
erosion. 
4.3.3 Areal aspects: 
Areal aspects include drainage parameters such as drainage density, stream 
frequency, drainage texture, basin shape, form factor, circularity ratio, elongation 
ratio, length of overland flow, constant of channel maintenance and compactness 
coefficient which are discussed below. 
4.3.3.1 Drainase Density (D) 
Drainage density is defined as the cummulative length of all streams in a basin 
divided by the area of the basin (Strahler, 1958). It is a measure of average length of 
streams per unit drainage area, and describes the spacing of drainage channels. 
Drainage density has been interpreted to reflect the interaction between climate and 
geology (Ritter et al., 1995). Horton (1932) introduced drainage density as an 
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expression to indicate the closeness of spacing of channels. Thus drainage density is 
the ratio of total channel segment lengths cumulated for all orders within a basin to 
the basin area (Chow. 1964). It is considered as an important indicator of the linear 
scale of land form elements in stream eroded topography. Density factor is related to 
climate, lithology, relief, infiltration capacity, vegetative cover, surface roughness and 
run-off index. Out of which only surface roughness has no significant correlation with 
drainage density. 
The amount and type of precipitation influences directly the quantity and 
character of surface run-off An area with high precipitation such as thundershowers 
loses greater percentage of rainfall as run-off, resulting in more surface drainage 
channels. Density of vegetation and rainfall absorption capacity of soils, influence the 
rate of surface run-off and affects the drainage texture of an area. Langbein (1947) 
recognized significance of drainage density as a factor determining the time of travel 
by water and stated that drainage density values between 0.55 and 2.09 km/km 
correspond to humid regions. Nag (1998) found that low drainage density generally 
results in areas of highly resistant rocks or permeable subsoil material, dense 
vegetation and low relief. High drainage density results due to weak or impermeable 
subsurface material, sparse vegetation and mountainous relief Low drainage density 
leads to coarse drainage texture whereas high drainage density leads to fine drainage 
texture. 
Drainage density (D) values of sub-watersheds vary from 0.92 km/km^ 
(Narauli) to 3.79 km/km (Bankukara). Narauli and Rudawal possess low drainage 
density, suggesting permeable subsoil material and presence of vegetative cover. 
However, Bankukara and Tarsuman sub-watersheds has relatively high drainage 
density and indicates less permeable material, sparse vegetative cover and moderate to 
high relief The other sub-watersheds, i.e. Nahro, Seupura and Thanadung represent 
medium to high drainage density which is indicative of less permeable material, 
sparse vegetative cover and moderate to high relief The drainage density of the whole 
Kakund watershed is 2.19 km/km^ which falls under medium density category. 
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4.3.3.2 Stream Frequency (Fs) 
Horton (1932) introduced stream frequency (Fs) or channel frequency as the 
ratio of total number of stream segments of all orders to the basin area. 
Hypothetically, it is possible to have a basin of same drainage density that may differ 
in stream frequency, similarly a basin of same stream frequency may differ in 
drainage density (Chow, 1964). Reddy et al. (2004b) reported that lower Fs values 
indicate permeable sub-surface material and low relief, whereas higher values are 
characteristic of resistant sub-surface material, sparse vegetation and high relief. 
Stream frequency (Fs) values of the sub-watersheds vary from 0.84 (Narauli) 
to 10.40 (Bankukara) and exhibit a positive correlation with drainage density, i.e. an 
increase in stream population with respect to increase in drainage density. The 
Bankukara sub watershed possesses highest stream frequency and highest drainage 
density as well. However, Narauli (0.84) and Rudawal (1.78) sub-watersheds show 
low stream frequency as well as low drainage density. Tarsuman (6.94), Nahro (5.07), 
Seupura (3.68) and Thanadung (4.48) sub-watersheds show medium stream 
frequency. The stream frequency of the whole Kakund watershed is 3.78 which falls 
under medium category (Table 4.3). 
4.3.3.3 Drainage Texture (Rt) 
Drainage texture (Rt) is one of the important drainage parameters in 
morphometric analysis, which indicates relative spacing of drainage lines, which are 
more prominent in impermeable material compared to the permeable ones. Horton 
(1945) defined drainage texture as the total number of stream segments of all orders 
divided by the perimeter of the watershed. He also recognized infiltration capacity as 
the dominant factor influencing drainage texture which includes drainage density and 
stream frequency as well. Drainage texture (Rt) depends upon a number of natural 
factors such as climate, rainfall, vegetation, lithology, soil type, infiltration capacity, 
relief and stage of development (Smith, 1954). Smith (1954) classified drainage 
density into five different classes of drainage texture, i.e. less than 2, indicates very 
coarse, between 2 and 4 is coarse, between 4 and 6 is moderate, between 6 and 8 is 
fine and greater than 8 represents very fine drainage texture. The soft or weak rocks 
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devoid of vegetation generally exhibit a fine drainage texture, whereas in massive and 
resistant rocks coarse drainage texture is developed. 
In the study area drainage texture value vary from lowest of (1.83) Narauli 
sub-watershed which indicates coarse drainage texture to the highest of (11.75) 
Bankukara sub-watershed which suggests very fine drainage texture. Rudawal (2.13) 
and Seupura (2.57) suggest coarse drainage texture, whereas Tarsuman (4.49), Nahro 
(5.35) and Thanadung (5.13) sub-watersheds fall under moderate drainage texture 
category. The whole Kakund watershed has only a value of 11.77 which falls under 
very fine drainage texture category (Table 4.3). 
4.3.3.4 Basin Shape (Bs) 
Basin shape (Bs) is the ratio of square of basin length (Lb) to the area of the 
basin (A). The shape or outline form of a drainage basin, as it is projected upon the 
horizontal datum, may conceivably affect stream discharge characteristics. Long 
narrow basins with high bifurcation ratios would attenuate flood discharge periods, 
whereas rounded basins possessing low bifurcation ratio would have sharply peaked 
flood discharges (Chow, 1964). 
Basin shape (Bs) values vary from a lowest of 2.21 (Narauli) to a highest of 
5.62 (Nahro) and indicate that Bankukara, Tarsuman and Seupura sub-watersheds 
possess weaker flood discharge periods due to their higher bifurcation ratio. Whereas, 
Narauli, Rudawal, Nahro and Thanadung sub-watersheds have sharply peaked flood 
discharge. The basin shape value of the whole Kakund watershed is 2.86, which 
suggests sharply peaked flood discharge due to medium bifurcation ratio values 
(Table 4.3). 
4.3.3.5 Form Factor (Rf) 
Horton (1945) proposed this parameter to predict flow intensity of a basin. 
Form Factor is expressed as the ratio between the area of the basin (A) and the square 
of the basin length (Lb). The value of form factor would always be less than 0.7854 
(for a perfectly circular basin), smaller the value more elongated will be the basin. 
Basins with higher values have high peak flows for shorter duration, whereas 
elongated basins with lower values of form factor have low peak flow for longer 
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duration. Flood flows of elongated basins are easier to manage than those of circular 
basins (Nautiyal, 1994). 
The form factor (Rf) values vary from 0.18 (Nahro and Thanadung) to 0.45 
(Narauli), which indicate their elongated shape. All the seven sub-watersheds as well 
as whole Kakund watershed represent elongated shape, suggesting that their flood 
flows are easier to manage. 
4.3.3.6 Circularity Ratio (Re) 
Miller (1953) and Strahler (1964), defined circularity ratio (Re), as the ratio of 
the area of the basin (A) to the area of a circle having the same circumference as the 
perimeter (P) of the basin. Circularity ratio (Re) is influenced by the length and 
frequency of streams, geological structures, land use/land cover, climate, relief and 
slope of the basin (Chopra et al., 2005). Horton (1945) proposed values of circulatory 
ratio from 0.6 to 0.7 in the homogeneous geologic materials to preserve geometrical 
symmetry. However, first and second order basins situated on the flanks of 
moderately dipping strata are strongly elongated with circularity ratios between 0.4 
and 0.5 (Chow, 1964). 
The circularity ratio (Re) of the sub-watersheds range from 0.20 (Seupura) to 
0.71 (Narauli) however the rest of the sub-watersheds have Re values less than 0.71, 
indicating their elongated shape (Re). The circulatory ratio of the Kakund watershed 
is 0.41 which too suggests its more or less elongated shape. 
4.3.3.7 Elonsation Ratio (Re) 
Schumn (1956) defined elongation ratio (Re) as the ratio between the diameter 
of the circle of the same area as the drainage basin and the maximum length of the 
basin. The values of elongation ratio generally vary from 0.6 to 1.0 over a wide 
variety of climatic conditions and lithology. The values can be grouped into three 
categories as circular (>0.9), oval (0.9 to 0.8) and less elongated (<0.7). Values close 
to 1.0 are normally found in regions of very low relief, whereas values of 0.6 to 0.8 
are usually associated with moderate to high relief and steep ground slope (Strahler, 
1964). A circular basin is more efficient in the discharge of run-off than an elongated 
basin (Singh and Singh, 1997). Higher Re values show high infiltration capacity and 
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low runoff, whereas lower values are characterized by high susceptibility to erosion 
and sediment load (Reddy et a!., 2004). Basin elongation ratio (Re) proposed by Bull 
and Mc. Fadden (1977) is considered as one of the proxy indicators of recent tectonic 
activity. Basins in arid and semi-arid climate show elongation ratio (Re) < 0.05 for the 
tectonically active, between 0.05 - 0.75 slightly active and more than 0.75, inactive 
settings (Bhatt et al.. 2007). 
Elongation ratio (Re) of the sub-watersheds in the study area vary from 0.12 
(Nahro) to 0.24 (Bankukara). High Re values in Narauli, Rudawal, Bankukara and 
Tarsuman sub-watersheds suggest high infiltration capacity and low runoff Whereas 
Nahro. Seupura and Thanadung sub-watersheds have lower values suggesting their 
susceptibility to erosion and sedimentation load. All the sub-watersheds fall in the less 
elongated category. Kakund watershed with Re value 0.12 and falls in less elongated 
category. 
4.3 3 8 Length of Overland Flow (Ls) 
Surface run-off follows a system of down slope flo\V paths from the dfaina^ 
divide (basin perimeter) to the nearest channel. This flow net, coffl^ xrising^  a,:^li^y of 
orthogonal curves with respect to the topographic contours, locally converges or 
diverges from parallelism, depending upon the position in the basin. Horton (1945), 
defined length of overland flow (Lg) as the length of water over the ground before it 
gets concentrated into definite stream channels. He considered it as one of the most 
important independent variables affecting hydrologic and physiographic development 
of drainage basins. The average length of overland flow is approximately half the 
average distance between stream channels and is therefore approximately equals to 
half of reciprocal of drainage density (Horton. 1945). 
The length of overland flow (Lg) values of the sub-watersheds range from a 
lowest of 0.53 (Bankukara) to a highest of 2.16 (Narauli). Bankukara, Tarsuman, 
Nahro, Seupura and Thanadung sub-watersheds show lower values since they possess 
medium to high drainage density, whereas Narauli and Rudawal show higher values 
and have low drainage density. The length of overland flow (Lg) value of the Kakund 
watersheds is low (0.91), as it falls under medium drainage density. 
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4.3.3.9 Constant of Channel Maintenance (C) 
Schumn (1956) has used inverse of drainage density as another parameter 
called constant of channel maintenance (C), defined in units of square feet per foot. It 
has dimensions of length and therefore increases in magnitude as the scale of the 
landform units increases. In short, it measures the number of square feet of watershed 
surface area required to sustain one linear foot of charmel. 
Values of constant of channel maintenance (C) of the sub-watersheds vary 
from 26.43 sq.ft (Bankukara) to 108.21 sq.ft (Narauli), whereas for the entire Kakund 
watershed it is 45.66 sq ft. 
4.3.3.10 Compactness Coefficient (Cc) 
Compactness Coefficient (Cc) is used to express the relationship of a 
hydrologic basin to that of a circular basin having the same area as the hydrologic 
basin. A circular basin is the most hazardous from a drainage stand point because it 
will yield shortest time of concentration before peak flow occurs in a basin (Nooka 
Ratnam et al, 2005). 
The compactness coefficient (Cc) values of the sub-watersheds vary from 1.18 
(Narauli) to 2.22 (Seupura) representing variation across the sub-watersheds. 
Compactness coefficient (Cc) value of the Kakund watersheds is 1.56. 
4.4 Slope and Drainage Density Relationship: 
An understanding of slope variation is essential, since slope can be an 
important parameter for planning, settlement, mechanization of agriculture, 
reforestation, planning of engineering structures, morphoconservation practices etc. 
(Srinivasa et al., 2004). Slope is one of the major controlling factors in the 
development and formation of different landforms. Slope is also an important 
parameter instigating run-off and the resultant erosion and higher rate of denudation 
(Rao et al., 2006). In order to find the relationship between slope and drainage of the 
area, drainage map was superimposed on the slope map (Figure 4.3) and interpretation 
in terms of its drainage pattern, density and frequency has been attempted. 
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Figure 4.3: Drainage network superimposed on slope map 
Steep slopes generally have high surface runoff values and low infiltration rates 
(Chang and Jun, 1989). A major part of the Kakund watershed possesses very gentle 
slope (0 - 3°), however moderate to steep slopes are also present since the study area 
possesses exposed rocks in the form of plateau and hills/ridges. Very gentle slope is 
seen in northern and north eastern parts i.e. Narauli and Rudawal sub-watersheds. 
Very gentle slope is associated with low drainage density and low stream frequency. 
Gentle slopes (3 - 6^) are well distributed through the Kakund watershed and are 
encountered in Rudawal, Bankukara and parts of Tarsuman sub-watersheds. Gentle 
slope is associated with low to medium drainage density and low to moderate stream 
frequency. Moderate slopes (6 - 9^ )^ are found in Tarsuman, Nahro, Seupura, 
Thanadung, and parts of Rudawal and Bankukara sub-watersheds with medium to 
high drainage density and medium to high stream frequency. Steep slopes (9 - 12^ )^ are 
confined to Nahro, Seupura and Thanadung, sub-watersheds with medium drainage 
density and stream frequency. Very steep slopes (12 - 15°) are confined only to 
Thanadung sub-watershed which is associated with medium to high drainage density 
and stream frequency. The stream length ratios (RL) vary across the sub-watersheds, 
due to differences in slope and topographic conditions (Sudheer 1986; Sreedevi, 
1999). Integration of drainage map with slope suggests that very gentle to gentle 
slopes are associated with alluvium, in the northern part of the Kakund watershed. 
Moderate to steep slopes are encountered in parts of southern, eastern and western 
areas associated with exposed rocks of Vindhyan sandstones, which represents 
plateau in different sub-watersheds. The characteristics feature of the area is the first 
order channels which follow the lineaments in the southern part of the watershed on 
the plateau. 
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CHAPTER - V 
LAND USE/LAND COVER ANALYSIS 
5.1 General Statement: 
The term land use refers to how a piece of land is used, such as agriculture, 
commercial and residential purposes, whereas land cover is the type of material 
present on the landscape, such as water, vegetation, soil and man-made materials like 
asphalt (Jensen, 2005). The term land cover originally referred to the kind and state of 
vegetation, i.e. forest or grass cover but it has broadened in subsequent usage to 
include other things such as human structures, soil type, biodiversity, surface and 
ground water (Meyer, 1995). Land use/land cover (LULC) analysis is one of the 
commonly used methods for development, planning and proper management of 
natural resources. Information on existing land use/land cover, its spatial distribution 
and change are essential pre-requisite for plarming (Dhinwa et al., 1992). Land cover 
is also an important input parameter for a number of agricultural, hydrological, and 
ecological models, which constitutes necessary tools for development, planning and 
management of natural resources in a territory. 
Land use/land cover pattern of a region is an outcome of natural and socio -
economic factors and their utilization by man in time and space. Hence, information 
on LULC and possibilities for their optimal use is essential for selection, planning and 
implementation of land use schemes. 
LULC change is also an important field in global environmental change 
research, since the current global rate of land use change is unprecedented (Jonathan 
et al., 2005). Many shifting land use patterns driven by a variety of social causes, 
result in land cover changes that affect biodiversity, water and radiation budgets, trace 
gas emissions and other processes that come together to affect climate and biosphere 
(Riebsame et al., 1994). Changes in land cover may also be brought by natural events 
such as weather, flooding, fire, climate fluctuations, and ecosystem dynamics. Land 
cover change has been described as the most significant regional anthropogenic 
disturbance to the environment (Roberts et al., 1998). In essence both land use and 
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cover changes are products of prevailing interaction of natural and anthropogenic 
processes by human activities. 
5.2 Remote Sensing and GIS in Land use/land cover studies: 
Land use/cover studies using remote sensing data have received immense 
attention worldwide due to their importance in global change analysis (Cihlar, 2000). 
Preparation the land use maps by conventional methods is very time consuming and 
expensive, at the same time ground surveys may be tedious in some areas. Moreover, 
changing land use patterns require a frequent updating of the existing land use maps 
of an area, hence remote sensing which provides multi-spectral and multi-temporal 
synoptic coverages in a time and cost effective basis has mainly been adopted as a 
modern technique for LULC mapping. Remote sensing data analysis, because of its 
repetitive and synoptic coverage capabilities, has been used for obtaining and 
monitoring LULC changes (Anderson, 1971; Andersen et al., 1976; Nayak et al., 
1985, 1986, 1989; Green et al., 1994; Rasch, 1994, Kam, 1995; Toleti, 1995; Clevers 
et al., 1999; Luque, 2000, Maselk et al., 2000; Yang and Lo, 2002; Chaudhary et al., 
2008). 
Land use/land cover maps are presently being developed from local to national 
to global scales. The use of panchromatic, medium scale aerial photographs to map 
land use has been an accepted practice since the 1940s. Small scale aerial photographs 
and satellite images have been utilized for land use/land cover mapping (Lillesand et 
al., 2004). 
The characterization of LULC from satellite data, has conventionally provided 
a means of assessing a large geographical area within a short time, either by visual 
interpretation or digital interpretation methods (Shetty et al., 2005). For sustainable 
use of land resources it is very important to understand LULC changes and their 
implications on ecosystem to identify the rate of change, key drivers and their 
association with climate at regional scale requires data analysis over a considerable 
period of time and space (Andreae, 2002). 
Visual interpretation of remotely sensed data is an effective method of 
classifying land cover especially when the analyst is familiar with the area being 
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classified. This method uses skills that were originally developed for interpreting 
aerial photographs, and takes into consideration image characteristics such as tone, 
texture, shape, pattern and relationship to other objects to identify different land cover 
classes. Remote sensing data analysis is supported by field/ground truth verification 
carried out in key areas to ascertain the veracity of the satellite data and to verify the 
spectral signatures of various land cover classes on the image. 
In India, some of the recent studies on land use/land cover and change analysis 
using remote sensing technique have been carried out by Tiwari et al., (1985), in 
Himalayan forests; Prakash and Gupta (1998) in Jharia coal field, Minakshi et al 
(1999) in Dehlon block of Ludhiana district of Punjab; Sudhakar et al. (1999) in 
Jaldapara Wildlife Sanctuary, Jalpaiguri, West Bengal; Bisht and Kothyari (2001) in 
Bageshwar district of Uttaranchal; Gawande et al. (2002) around Kamthi area, 
Maharashtra; Chauhan et al. (2003) in Sal Forest Division, Dehradun; Sikdar, et al. 
(2004) in Bardhaman district. West Bengal; Mahajan and Panwar, (2005) in Ashwani 
Khad watershed in Himachal Pradesh and Raju and Kumar (2006) in Udambanchola 
Taluka, Idukki district, Kerala. More recently Martin et al, (2007) using IRS ID data 
studied landform analysis of warm humid Kumaon Himalayas. Evaluation of land use 
pattern and geomorphology in parts of Western Ghats using IRS P6 LISS III Data was 
carried out by Vijith and Satheesh (2007). Impact of climate change on land use/land 
cover using remote sensing and GIS in Chopan watershed, Guna district, Madhya 
Pradesh was carried out by Khanday and Javed (2008). Sarma et al. (2008) carried out 
an assessment on land use and land cover change and future implication analysis in 
Manas National Park, Assam, using muhi-temporal satellite data. Land use/land lover 
dynamics in Umngot watershed of Meghalaya using geospatial tools was studied by 
Chakraborty et al. (2009). Land degradation mapping in the upper catchment of river 
Tons, Uttarkashi district in Uttarakhand was carried out by Krishna et al. (2009). 
Martin and Saha (2009) conducted a land evaluation by study integrating remote 
sensing and GIS in Dehradun district, Uttarakhand. Land use land cover assessment 
around Pondicherry and its surrounding was carried out by Nobi et al. (2009) using 
remote sensing and GIS techniques. Using remote sensing and GIS techniques 
Kunwar et al. (2010) analysed transformation of land use/ land cover for sustainable 
development in Huini watershed, Uttarkashi. 
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In the present study LULC analysis has been carried out using muhi-spectral 
IRS LISS III data of April 2001 and May 2005 through visual interpretation 
technique. Limited ground truth verification was carried out during April 2006 and 
2007, to verify the spectral signatures of various land use/cover classes. Field inputs 
were in terms of any changes incorporated in the land use/land cover maps before 
final analysis, wherever required. The data sets belong to the same season in order to 
have similarity in spectral signatures. Additionally, some digital image processing has 
also been attempted to supplement the findings obtained from visual analysis. 
5.3 Image Characteristics of LULC categories: 
Land use/land cover mapping was carried out using visual interpretation 
method based on photo-recognition elements and following land use/land cover 
categories were delineated in the study area. 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub (OS) 
Wasteland (WL) (Culturable) 
Water body (WB) 
Barren/Rocky area (RA) (Unculturable) 
Rock quarry (RQ) 
Built-up land (BL) 
The image characteristics of the LULC categories are presented in Table 5.1 
84 
Table 5.1: Image characteristics, topography and relief/slope of land use/land cover 
categories 
Land use/Land 
cover category 
Cultivated land 
(CL) 
Uncultivated 
land (UCL) 
Dense forest 
(DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body 
(WB) 
Barren/Rocky 
area (RA) 
(Unculturable) 
Rock 
quarry(RQ) 
Built up 
land(BL) 
Image Characteristics 
Bright red to red tone, smooth 
texture and regular to sub-
regular boundary outline 
Brown tone, coarse texture, 
irregular boundary outline and 
haphazard pattern/outline 
Dark red tone, smooth texture, 
contiguous pattern associated 
with low relief along the 
periphery of water body 
Greenish to brownish tone, 
coarse texture, non-contiguous 
pattern 
Pinkish to light yellow tone, 
irregular boundary outline and 
rough texture 
Light tone because of high 
reflectance, irregular pattern 
with smooth texture, absence of 
any land use activity or natural 
vegetation and its proximity to 
cultivated/uncultivated land 
Dark tone, smooth texture, sharp 
boundary outline and irregular 
shape 
Light yellow, rough texture, 
moderate to high relief (385 m) 
bold topography, occurs as 
isolated hillocks and plateau, 
often devoid of vegetative cover 
Milky white to light tone, rough 
texture, depressed topography 
showing pits and presence of 
human activity in the form of 
unmetaled road leading to the 
quarry site. 
Cyan tone with irregular shape, 
near circular boundary outline 
and sharp contact with adjacent 
land use. 
Topography 
Plain 
Plain 
Plain 
Rugged/plain 
Rugged/plain 
Plain/rugged 
Subdued 
plain 
Rugged 
Rugged 
Plain 
Relief/Slope 
Low/Very gentle 
to gentle 
Low to 
medium/Gentle to 
moderate 
Low/Gentle to 
moderate 
Medium to 
high/Moderate to 
steep 
Low to 
medium/gentle to 
moderate 
Low to 
medium/Gentle to 
moderate 
Low/Very gentle 
to gentle 
Medium/Steep to 
very steep 
Medium to 
high/Steep to very 
steep 
Low to 
medium/Gentle to 
moderate 
5.4 Land use/land cover analysis of sub-watersheds: 
LULC analysis of the study area using IRS data of 2001 and 2005 has been 
carried out at sub-watershed level. The details of LULC change analysis are discussed 
in the next section for each sub-watershed. 
5.4.1 Narauli sub-watershed: 
Narauli sub-watershed is situated in the northern part of the study area, named 
after the Narauli village. The sub-watershed covers an area of about 83.47 km^ and is 
the largest amongst the seven sub-watersheds. Figure 5.1 shows land use/land cover 
maps of the Narauli sub-watershed derived from IRS data of 2001 and 2005. The area 
statistics are presented in Table 5.2, and are described in the next section. 
5.4.1.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Dense forest 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land is the predominant land use activity in Narauli, since it 
represents relatively uniform gentle slope and plain topography (Figure 5.2). However 
it has come down from 63.68 km^ in 2001 to 61.90 km^ in 2005, showing 1.78 km^ 
(2.79%) decrease with respect to 2001, probably due to absence of assured irrigation. 
Most of the cuhivated land of 2001 has been converted into uncultivated land, 
wasteland (culturable) and built up land by the year 2005. 
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Figure 5.1: Land use/land cover maps of Narauli sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.2: Land use/land cover change analysis of the Narauli sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
63.68 
5.61 
0.97 
1.72 
4.79 
0.66 
0.10 
3.35 
1.56 
1.00 
83.44 
Area 
in (%) 
76.31 
6.73 
1.17 
2.07 
5.74 
0.79 
0.12 
4.01 
1.87 
1.20 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
61.90 
7.32 
0.57 
1.62 
4.46 
1.49 
0.05 
3.28 
1.63 
1.12 
83.44 
Area 
in (%) 
74.18 
8.77 
0.68 
1.95 
5.35 
1.79 
0.06 
3.93 
1.95 
1.34 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-1.78 
1.71 
-0.40 
-0.10 
-0.33 
0.83 
-0.05 
-0.07 
0.07 
0.12 
5.46 
Difference 
in area (%) 
-2.13 
2.04 
-0.49 
-0.12 
-0.38 
LOO 
-0.06 
-0.08 
0.08 
0.13 
6.53 
The area under dense forest has reduced from 0.97 km in 2001 to 0.57 km^ in 
2005, which is 0.40 km^ (41.24%) decrease in its areal extent compared to 2001. The 
area under open forest has marginally decreased from 1.72 km^ in 2001 to 1.62 km^ in 
2005, whereas the area under open scrub has reduced from 4.79 km^ in 2001 to 4.46 
km^ in 2005, which is 0.33 km^ (6.89%). Most of the open scrub reported in 2001 has 
been converted into wasteland (Culturable) by the year 2005. The decrease in area 
under open forest and open scrub may be attributed to anthropogenic activities 
including population pressure. The area occupied by surface water body has decreased 
from 0.10 km^ in 2001 to 0.05 km^ in 2005, which is 0.03 km^ (30%). Barren/rocky 
area has decreased from 3.35 km^ to 3.28 km^ showing a 0.07 km^ (2.09%)) decrease 
due to expansion of rock quarrying activities. 
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Figure 5.2: Cultivated land as depicted in IRS P6 LISS III image (a) and on the field (b) 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncultivated land has increased from 5.61 km^ in 2001 to 7.32 
km^ in 2005, showing 1.71 km^ (30.48%) increase, which may be attributed to decline 
in rainfall, depleting water table and soil becoming unproductive affecting the rain fed 
agriculture. A substantial area under cultivated land in 2001 has been converted into 
uncultivated land by the year 2005. Wasteland (Culturable) has increased from 0.66 
km' in 2001 to 1.49 km' in 2005, i.e. more than doubled, probably due to natural 
degradation of soil, especially in cultivated land, open forest and open scrub areas. 
•y -y , 
The area under rock quarry has increased from 1.56 km to 1.63 km registermg a 
-y 
0.07 km (4.49%) increase as a result of expansion of rock quarrying activities. The 
area under built-up land/settlement has increased from 1.00 km^ in 2001 to 1.12 km^ 
in 2005. 
The Narauli sub-watershed has shown 5.46 km^ (6.53%)) area affected by 
LULC change during 2001 - 2005 period. 
5.4.2 Rudawal sub-watershed: 
Rudawal sub-watershed is one of the largest sub-watersheds and is situated in 
the north-eastern part of the study area, named after the Rudawal village, and covers 
an area of about 42.10 km . Figure 5.3 shows land use/land cover maps of Rudawal 
sub-watershed derived from IRS data of 2001 and 2005. The area statistics are 
presented in Table 5.3, and the described in the next section. 
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Figure 5.3: Land use/land cover maps of Rudawal sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.3: Land use/land cover chang 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq.Km) 
23.66 
7.53 
7.16 
0.65 
0.84 
1.47 
0.33 
0.46 
42.10 
Area 
in (%) 
56.21 
17.89 
17.00 
1.56 
1.99 
3.48 
0.78 
1.09 
100.00 
e analysis of Rudawal sub-watershed 
Land use/land 
cover(2005) 
Area in 
(Sq.Km) 
21.92 
9.16 
6.81 
0.64 
1.24 
1.42 
0.38 
0.53 
42.10 
Area 
in (%) 
52.08 
21.75 
16.19 
1.52 
2.95 
3.37 
0.89 
1.26 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-1.74 
1.63 
-0.35 
-0.01 
0.40 
-0.05 
0.05 
0.07 
4.30 
Difference 
in area 
(%) 
-4,13 
3.86 
-0.81 
-0.04 
0.96 
-0.11 
0.11 
0.17 
10.19 
5.4.2.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land has come down from 23.66 km^ in 2001 to 21.92 km^ in 2005, 
showing 1.74 km^ (7.35%) decrease. Most of the cultivated land of 2001 has been 
converted into uncultivated land/wasteland (culturable) by the year 2005. Open forest 
has reduced from 7.16 km^ in 2001 to 6.81 km^ in 2005 and has been converted into 
the wasteland and open scrub, whereas the area under open scrub has marginally 
decreased from 0.65 km^ in 2001 to 0.64 km^ in 2005, i.e. 0.01 km^ (1.53%). The 
decrease in area under open forest and open scrub may be attributed to anthropogenic 
activities including human and cattle population pressure. The barren/rocky area has 
decreased from 1.47 km^ to 1.42 km^ registering 0.05 km^ (3.40%)) decrease due to 
the expansion of rock quarrying activities. 
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The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncultivated land has increased from 7.53 km^ in 2001 to 9.16 
km^ in 2005, showing 1.63 km^ (21.65%) expansion, which may be attributed to 
decline in rainfall, depleting water table and soil degradation affecting the rain fed 
agriculture (Figure 5.4). Wasteland (Culturable) has increased from 0.84 km in 2001 
to 1.24 km" in 2005, registering 0.40 km" (47.61%) increase probably due to natural 
degradation of soil, especially in cultivated land area, open forest and sparse 
vegetation areas. This is corroborated well with open scrub and cuhivated land of 
2001 having being converted to wasteland (Culturable)/uncultivated land by the year 
2005. The area under rock quarry has marginally increased from 0.33 km^ to 0.38 km^ 
•y 
registering 0.05 km" (15.15%) increase whereas the area under built-up 
land/settlement has increased from 0.46 km^ in 2001 to 0.53 km^ in 2005. 
The Rudawal sub-watershed has shown 4.30 km^ (10.19%) area affected by 
LULC change during 2001 - 2005 period. 
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Figure 5.4: Uncultivated land as depicted in IRS P6 LISS III image (a) and on the field (b) 
5.4.3 Bankukara sub-watershed: 
Bankukara sub-watershed is situated in the north-eastern part of the study area, 
named after the Bankukara village and covers an area of about 29.71 km .^ Figure 5.5 
shows land use/land cover maps of Bankukara sub-watershed derived from IRS data 
of 2001 and 2005. The area statistics are presented in Table 5.4, and are described in 
the next section. 
5.4.3.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land has come down from 6.67 km in 2001 to 6.08 km in 2005, 
showing 0.59 km^ (8.85%) decrease probably due to absence of assured irrigation. 
The cultivated land of 2001 has been converted into uncultivated land, wasteland 
(culturable) and built up land by the year 2005. The area under open forest has 
marginally reduced from 6.24 km in 2001 to 6.20 km in 2005, whereas the area 
under open scrub has too decreased marginally from 6.08 km^ in 2001 to 5.92 km^ in 
2005. The decrease in area under open forest/open scrub may be attributed to 
anthropogenic activities including population pressure. The area occupied by surface 
water body has reduced from 1.00 km^ in 2001 to 0.88 km^ in 2005, which may be 
attributed to the declining rainfall in the catchment area of the Kakund river as 
indicated by the rainfall data analysis. The barren/rocky area has decreased from 1.19 
km^ to 1.16 km^ due to the expansion in rock quarrying activities. 
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Figure 5.5: Land use/land cover maps of Bankukara sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.4: Land use/land cover change analysis of Bankukara sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
6.67 
4.89 
1.51 
6.24 
6.08 
1.10 
1.00 
1.19 
0.89 
0.14 
29.71 
Area 
in (%) 
22.45 
16.46 
5.09 
21.00 
20.46 
3.70 
3.37 
4.00 
3.00 
0.47 
100.00 
Land use/land cover 
(2005) 
Area in 
(Sq. Km) 
6.08 
5.30 
1.56 
6.20 
5.92 
1.53 
0.88 
1.16 
0.92 
0.16 
29.71 
Area 
in (%) 
20.46 
17.83 
5.26 
20.88 
19.92 
5.16 
2.97 
3.90 
3.10 
0.53 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-0.59 
0.41 
0.05 
-0.04 
-0.16 
0.43 
-0.12 
-0.03 
0.03 
0.02 
1.88 
Difference 
in area (%) 
-1.99 
1.37 
0.17 
-0.12 
-0.54 
1.46 
-0.4 
-0.10 
0.10 
0.06 
6.31 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncultivated land has increased from 4.89 km^ in 2001 to 5.30 
km in 2005, showing 0.41 km^ (8.38%) increase, which may be attributed to decline 
in rainfall and depleting water table affecting the rain fed agriculture. A substantial 
area under cuhivated land in 2001 has been converted into uncultivated land by the 
year 2005. The area under dense forest has marginally increased from 1.51 km^ in 
2001 to 1.56 km in 2005, mainly along the periphery of the waterbody i.e. Baretha 
lake (Figure 5.6). Wasteland (Culturable) has increased from 1.10 km^ in 2001 to 1.53 
km^ in 2005, registering 0.43 km^ (39.09%) increase, probably due to natural 
degradation of soil, especially in cultivated land and sparse vegetation areas. 
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Figure 5.6: Dense forest as depicted in IRS P6 LISS III image (a) and on the field (b) 
The area under rock quarry has marginally increased from 0.89 km to 0.92 km , 
whereas built-up land/settlement has also shown an increase from 0.14 km in 2001 to 
0.16 km^ in 2005. 
The Bankukara sub-watershed has shown 1.88 km^ (6.31%) area affected by 
LULC change during 2001 - 2005 period. 
5.4.4 Tarsuman sub-watershed: 
Tarsuman sub-watershed is situated in the south-eastern part of the study area, 
named after the Tarsuman village, covers an area of about 16.87 km and is the 
smallest sub-watershed among all the seven sub-watersheds. Figure 5.7 shows land 
use/land cover maps of Tarsuman sub-watershed derived from IRS data of 2001 and 
2005. The area statistics are presented in Table 5.5, and are described in the next 
section. 
5.4.4.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land has come down from 2.75 km^ in 2001 to 2.5 km^ in 2005, 
showing 0.25 km (9.09%) decrease probably due to absence of assured irrigation and 
decline in rainfall as well as water table. The area under open forest has marginally 
reduced from 3.81 km^ (22.58%) in 2001 to 3.75 km^ (22.23%) in 2005, whereas the 
area under open scrub has marginally decreased from 1.22 km^ in 2001 to 1.21 km^ in 
2005, which is 0.01 km^ (0.82%). The open scrub has been converted into wasteland 
(culturable) land during 2001 - 2005 period. The decrease in area under open forest 
and open scrub may be attributed to anthropogenic activities including human and 
cattle population pressure. The area occupied by surface water body has decreased 
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Figure 5.7: Land use/land cover maps of Tarsuman sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.5: Land use/land cover change analysis of Tarsuman sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
2.75 
0.60 
0.95 
3.81 
1.22 
0.20 
0.47 
4.23 
2.60 
0.04 
16.87 
Area in 
(%) 
16.30 
3.56 
5.63 
22.58 
7.23 
1.19 
2.79 
25.07 
15.41 
0.24 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
2.5 
0.82 
1.22 
3.75 
1.21 
0.32 
0.17 
4.13 
2.70 
0.05 
16.87 
Area 
in (%) 
14.82 
4.86 
7.23 
22.23 
7.17 
1.90 
1.01 
24.48 
16.00 
0.30 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-0.25 
0.22 
0.27 
-0.06 
-0.01 
0.12 
-0.30 
-0.10 
0.10 
0.01 
1.44 
Difference 
in area (%) 
-1.48 
1.30 
1.60 
-0.35 
-0.06 
0.71 
-1.78 
-0.59 
0.59 
0.06 
8.52 
from 0.47 km^ in 2001 to 0.17 km^ in 2005, which is 0.30 km^ (63.82%). The 
barren/rocky area has decreased from 4.23 km^ to 4.13 km^, due to the expansion in 
rock quarrying activities. 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The uncultivated land has increased from 0.60 km^ in 2001 to 0.82 km^ in 
2005, showing 0.22 km^ (36.67%) increase primarily due to conversion of cultivated 
land to uncultivated land. The area under dense forest has marginally increased from 
0.95 km^ in 2001 to 1.22 km^ in 2005, which is 0.27 km^ (28.42%), mainly along the 
periphery of water body i.e. Baretha lake. Wasteland has increased marginally from 
0.20 km^ (1.19%) in 2001 to 0.32 km^ (1.90%) in 2005, due to natural degradation of 
soil, especially in cultivated land and sparse vegetation areas. The area under rock 
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quarry has marginally increased from 2.60 km in 2001 to 2.70 km in 2005 The sub-
watershed has many abandoned rock quarries at several places where the quarrying 
has stopped due to presence of fractures/joints, which do not permit good quality slabs 
to be extracted. Figure 5.8 present field photograph of an active rock quarry. The area 
under built-up land/settlement has also shown an increase from 0.04 km^ in 2001 to 
0.05 km^ in 2005. 
The Tarsuman sub-watershed has shown 1.44 km^ (8.52%) area affected by 
LULC change during 2001 - 2005 period. 
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Figure 5.8: Active rock quarry as depicted in IRS P6 LISS III image (a) and on the field (b) 
5.4.5 Nahro sub-watershed: 
Nahro sub-watershed is situated in the south-eastern part of the study area, 
named after the Nahro nadi, covers an area of about 49.16 km^ and is the second 
largest sub-watershed. Figure 5.9 shows land use/land cover maps of Nahro sub-
watershed derived from IRS data of 2001 and 2005. The area statistics are presented 
in Table 5.6, and are described in the next section. 
5.4.5.1 Land use/land cover chanse (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land has come down from 6.48 km^ in 2001 to 6.14 km^ in 2005, 
showing 0.34 km^ (5.24%) decrease in its areal extent. The area under open forest has 
marginally reduced from 20.85 km^ in 2001 to 20.02 km^ in 2005, whereas the area 
under open scrub has decreased from 5.41 km in 2001 to 5.32 km in 2005. The 
decrease in area under open forest/open scrub may be attributed to anthropogenic 
activities including human and cattle population pressure. The area occupied by 
surface water body has decreased from 0.80 km in 2001 to 0.56 km in 2005, which is 
0.24 km^ (30%) decrease probably due to the decline in rainfall in the Kakund 
catchment and insufficient surface water flow to the Baretha lake. The barren/rocky 
area has decreased from 9.13 km to 8.96 km , due to the expansion in rock quarrying 
activities. Figure 5.10 presents field photograph of barren/rocky area (Unculturable). 
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Figure 5.9: Land use/land cover maps of Nahro sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.6: Land use/land cover change analysis of Nahro sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body(WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
6.48 
2.01 
1.31 
20.85 
5.41 
0.33 
0.80 
9.13 
2.67 
0.17 
49.16 
Area 
in (%) 
13.18 
4.05 
2.66 
43.41 
11 
0.67 
1.63 
18.57 
5.43 
0.35 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
6.14 
2.25 
1.46 
20.02 
5.32 
1.42 
0.56 
8.96 
2.84 
0.19 
49.16 
Area 
in (%) 
12.49 
4.58 
2.97 
40.72 
10.82 
2.89 
1.14 
18.23 
5.78 
0.39 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-0.34 
0.24 
0.15 
-0.83 
-0.09 
1.09 
-0.24 
-0.17 
0.17 
0.02 
3.34 
Difference 
in area (%) 
-0.69 
0.53 
-0.31 
-2.69 
0.18 
2.22 
-0.49 
-0.35 
0.35 
0.04 
7.85 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncuhivated land has increased from 2.01 km^ in 2001 to 2.25 km^ in 
2005, showing 0.24 km^ (11.94%) increase, which may be attributed to decline in 
rainfall and depleting water table affecting the rain-fed agriculture. A substantial area 
under cultivated land in 2001 has been converted into uncuhivated land by the year 
2005. The area under dense forest has marginally increased from 1.31 km^ in 2001 to 
1.46 km^ in 2005, which is 0.15 km^ (11.45%) mainly along the periphery of the 
water body i.e. Baretha lake. Wasteland (Culturable) has increased from 0.33 km^ in 
2001 to 1.42 km^ in 2005, registering a three fold increase in its area, probably due to 
natural degradation of soil, especially in cultivated land and sparse vegetation areas. 
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Figure 5.10: Barren/rocky area (unculturable) as depicted in IRS P6 LISS 
image (a) and on the field (b) 
The area under rock quarry has increased marginally from 2.67 km in 2001 to 2.84 
km^ in 2005 whereas built-up land/settlement has shown an increase from 0.17 km^ in 
2001 to 0.19 km^ in 2005. 
The Nahro sub-watershed has shown 3.34 km^ (7.85%) area affected by 
LULC change during 2001 - 2005 period. 
5.4.6 Seupura sub-watershed: 
Seupura sub-watershed is situated in the south-western part of the study area, 
named after the Seupura village, and covers an area of about 30.16 km . Figure 5.11 
shows land use/land cover maps of Seupura sub-watershed derived from IRS data of 
2001 and 2005. The area statistics are presented in Table 5.7, and are described in the 
next section. 
5.4.6.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land has come down from 3.46 km^ in 2001 to 3.02 km^ in 2005, 
showing 0.44 km^ (12.71%) decrease probably due to absence of assured irrigation 
and decline in rainfall as well as in water table. The cultivated land has been 
converted into uncultivated land/wasteland (culturable) during 2001 - 2005. The area 
under open forest has marginally reduced from 19.82 km^ in 2001 to 19.77 km^ in 
2005, whereas area under open scrub has decreased from 1.97 km^ in 2001 to 1.75 
km in 2005. The decrease in area under open forest/open scrub may be attributed to 
anthropogenic activities including human and cattle population pressure. 
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Figure 5.11: Land use/land cover maps of Seupura sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.7: Land use/land cover change analysis of Seupura sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub (OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry (RQ) 
Built up land (BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
3.46 
0.88 
1.51 
19.82 
1.97 
0.53 
0.93 
0.82 
0.22 
0.02 
30.16 
Area 
in (%) 
11.47 
2.92 
5.00 
65.71 
6.52 
1.76 
3.08 
2.73 
0.73 
0.08 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
3.02 
1.29 
1.55 
19.77 
1.75 
0.95 
0.76 
0.80 
0.24 
0.03 
30.16 
Area 
in (%) 
10.01 
4.28 
5.14 
65.55 
5.80 
3.15 
2.52 
2.65 
0.80 
0.10 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-0.44 
0.41 
0.04 
-0.05 
-0.22 
0.42 
-0.17 
-0.02 
0.02 
0.01 
1.8 
Difference 
in area (%) 
-1.46 
1.36 
0.14 
-0.16 
-0.72 
1.39 
-0.56 
-0.07 
0.07 
0.02 
5.95 
The area occupied by surface water body has decreased from 0.93 km^ in 2001 to 0.76 
km^ in 2005, which is 0.17 km^ (18.28%) probably due to decline in rainfall which 
affected the surface run off in the catchment area. The barren/rocky area has 
decreased from 0.82 km^ to 0.80 km^, due to the expansion in rock quarrying 
activities. 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncultivated land has increased from 0.88 km^ in 2001 to 1.29 
km^ in 2005, showing 0.41 km^ (46.59%) increase at the expense of cultivated land. 
The area under dense forest has marginally increased from 1.51 km^ in 2001 to 1.55 
km^ in 2005, which is 0.04 km^ (2.65%) mainly along the periphery of water body i.e. 
Baretha lake. 
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Wasteland (Culturable) has increased from 0.53 km^ in 2001 to 0.95 km^ in 2005, 
registering 0.42 km^ (79.25%) increase probably due to natural degradation of soil, 
especially in cultivated land areas and sparse vegetation. Figure 5.11 presents field 
photograph of wasteland (culturable). The area under rock quarry has marginally 
increased from 0.22 km^ to 0.24 km^ whereas built-up land/settlement has also shown 
an increase from 0.02 km^ in 2001 to 0.03 km^ in 2005. 
The Seupura sub-watershed has shown 1.8 km^ (5.95%) area affected by 
LULC change during 2001 - 2005 period. 
I l l 
Figure 5.12: Wasteland (culturable) as depicted in IRS P6 LISS III image (a) and on the field (b) 
5.4.7 Thanadung sub-watershed: 
Thanadung sub-watershed is situated in the south-western part of the study 
area, named after the Thanadung village, covers an area of about 44.43 km and is the 
third largest sub-watershed. Figure 5.13 shows land use/land cover maps of 
Thanadung sub-watershed derived from IRS data of 2001 and 2005. The area 
statistics are presented in Table 5.8, and are described in the next section. 
5.4.7.1 Land use/land cover change (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC reveals decrease in area 
under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
Cultivated land has come down marginally from 8.73 km^ in 2001 to 8.58 km^ 
•y 
in 2005, showing 0.15 km (1.72%) decrease probably due to absence of assured 
irrigation and has been converted into uncultivated land/wasteland (culturable) and 
built up land. The area under open forest has marginally reduced from 24.87 km^ in 
2001 to 24.44 km^ in 2005. Figure 5.14 presents field photograph of an open forest. 
Open scrub has marginally decreased from 1.39 km^ in 2001 to 1.18 km^ in 2005, 
which is 0.21 km^ (15.12%). The decrease in area under open forest/open scrub may 
be attributed to anthropogenic activities including population pressure. The area 
occupied by surface water body has reduced from 1.69 km^ in 2001 to 1.43 km^ in 
2005. 
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Figure 5.13: Land use/land cover maps of Thanadung sub-watershed based on 
IRS LISS III data of 2001 and 2005 
Table 5.8: Land use/land cover change analysis of Thanadung sub-watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry(RQ) 
Built up land(BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
8.73 
3.33 
2.21 
24.87 
1.39 
1.27 
1.69 
0.79 
0.05 
0.10 
44.43 
Area 
in (%) 
19.65 
7.49 
4.97 
55.98 
3.13 
2.86 
3.80 
1.78 
0.11 
0.22 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
8.58 
3.45 
2.33 
24.44 
1.18 
2.05 
1.43 
0.79 
0.05 
0.13 
44.43 
Area 
in (%) 
19.31 
7.77 
5.24 
55.01 
2.66 
4.61 
3.22 
1.78 
0.11 
0.29 
100.00 
Land use/land cover 
change(2001-2005) 
Difference 
in area 
(Sq. Km) 
-0.15 
0.12 
0.12 
-0.43 
-0.21 
0.78 
-0.26 
No change 
No change 
0.03 
2.10 
Difference 
in area (%) 
-0.34 
0.27 
0.27 
-0.97 
-0.47 
1.75 
-0.58 
No change 
No change 
0.07 
4.73 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Built-up land 
The area under uncultivated land has marginally increased from 3.33 km^ in 
2001 to 3.45 km^ in 2005, showing 0.12 km^ (3.60%) increase, which may be 
attributed to conservation of cultivated land to uncultivated land. The area under 
dense forest has marginally increased from 2.21 km^ in 2001 to 2.33 km^ in 2005, 
mainly along the periphery of water body i.e. Baretha lake. Wasteland (Culturable) 
has increased from 1.27 km^ in 2001 to 2.05 km^ in 2005, registering 0.78 km^ 
(61.42%) increase probably due to natural degradation of soil, especially in cuhivated 
land and sparse vegetation areas. The area under built-up land/settlement has 
increased from 0.10 km^ in 2001 to 0.13 km^in 2005. 
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Figure 5.14: Open forest as depicted in IRS P6 LISS III image (a) and on the field (b) 
It is interesting to note that the area under barren/roclcy land and rock quarry 
has remained unchanged during 2001 - 2005. This sub-watershed should be protected 
from mining mafia, who in all probability will embark upon to start rock quarrying in 
this sub-watershed too in future. 
The Thanadung sub-watershed has shown 2.10 km^ (4.73%) area affected by 
LULC change during 2001 - 2005 period. 
5.5 Land use/land cover of Kakund Watershed: 
The Kakund watershed covers an area of about 295.87 km . Figure 5.15 and 
5.16 present LULC maps derived from IRS data of 2001 and 2005 and showing 
complete details at watershed level. The area statistics are presented in Table 5.9, and 
are described in the next section. 
5.5.1 Land use/land cover chanse (2001 - 2005): 
A comparative analysis of the 2001 and 2005 LULC of the Kakund watershed 
reveals decrease in area under the following LULC categories 
• Cultivated land 
• Open forest 
• Open scrub 
• Water body 
• Barren/Rocky area (Unculturable) 
Cultivated land in Kakund watershed has come down from 115.41 km^ in 
2001 to 110.17 km^ in 2005, showing 5.24 km^ (4.54%) decrease compared to 2001. 
The decrease in area under cultivated land is attributed to overall decline in rainfall, 
depletion of groundwater resources and non-existence of assured irrigation. The 
cultivated land of 2001 has been converted into uncuhivated land/wasteland 
(culturable) and at places used for expansion of built up area/settlement. The area 
under open forest has marginally reduced from 84.47 km^ (28.55%) In 2001 to 82.62 
km (27.92%) in 2005 and converted into wasteland (culturable) and open scrub, 
whereas area under open scrub has decreased from 21.51 km^ (7.27%) in 2001 to 
20.48 km^(6.92%) in 2005, which is 1.03 km^ (4.79%). 
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Figure 5.15: Land use/land cover map of Kakund watershed based on 
IRS LISS III data of 2001 
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Figure 5.16: Land use/land cover map of Kakund watershed based on 
IRS P6LISS III data of 2005 
Table 5.9: Land use/land cover change analysis of Kakund watershed 
Land use/land cover 
category 
Cultivated land (CL) 
Uncuhivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub(OS) 
Wasteland (WL) 
(Culturable) 
Water body (WB) 
Barren/Rocky area (RA) 
(Unculturable) 
Rock quarry (RQ) 
Buih up land (BL) 
Total 
Land use/land 
cover(2001) 
Area in 
(Sq. Km) 
115.41 
24.85 
8.48 
84.47 
21.51 
4.93 
4.98 
20.98 
8.32 
1.94 
295.87 
Area 
in (%) 
39.01 
8.40 
2.87 
28.55 
7.27 
1.67 
1.68 
7.08 
2.82 
0.66 
100.00 
Land use/land 
cover(2005) 
Area in 
(Sq. Km) 
110.17 
29.65 
8.59 
82.62 
20.48 
9.02 
3.83 
20.54 
8.76 
2.20 
295.87 
Area 
in (%) 
37.24 
10.02 
2.90 
27.92 
6.92 
3.05 
1.29 
6.94 
2.96 
0.74 
100.00 
Land use/land cover 
change (2001-2005) 
Difference 
in area 
(Sq. Km) 
-5.24 
4.80 
0.11 
-1.85 
-1.03 
4.09 
-1.15 
-0.44 
0.44 
0.26 
19.41 
Difference 
in area (%) 
-1.77 
1.62 
0.03 
-0.63 
-0.35 
1.38 
-0.39 
-0.14 
0.14 
0.08 
6.53 
The decrease in area under open forest/open scrub may be attributed to anthropogenic 
activities including human and cattle population pressure. The barren/rocky area has 
decreased from 20.98 km^ to 20.54 km^ registering a 0.44 km^ (2.09%) decrease, due 
to the expansion in rock quarry activities in six, out of seven sub-watersheds. The area 
occupied by surface water body has decreased from 4.98 km^ in 2001 to 3.83 km^ in 
2005 probably due to general decline in annual rainfall and decrease surface runoff in 
the catchment area of the Kakund river. 
The following LULC categories reported an increase in area from 2001 to 2005 
• Uncultivated land 
• Dense forest 
• Wasteland (Culturable) 
• Rock quarry 
• Built-up land 
The area under uncultivated land has increased from 24.85 km^ in 2001 to 
29.65 km^ in 2005, an increase of 4.80 km^ (19.32%) largely due to the conversion of 
cultivated land into uncultivated land. The area under dense forest has marginally 
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increased from 8.48 km^ in 2001 to 8.59 km^ in 2005, an increase of 0.11 km^ 
(1.30%) in its areal extent. The dense forest has increased due to the shrinkage of 
water body i.e. Baretha lake, where the peripheral areas having high moisture content 
have supported a dense vegetation between 2001 and 2005 period. Wasteland 
(Culturable) has increased from 4.93 km^ in 2001 to 9.02 km^ in 2005, registering 
4.09 km^ (82.96%) increase. The increase in area under wasteland is attributed to 
natural degradation of soil, especially in cultivated land, open forest and open scrub 
areas. The area under rock quarry has increased marginally from 8.32 km to 8.76 km 
registering a 0.44 km^ (5.29%i) increase due to the expansion in quarrying activities. 
Built-up land/settlement has also shown an increase from 1.94 km^ in 2001 to 2.20 
km in 2005, which has grown at the expense of cultivated land. 
The Kakund watershed as a whole has shown 19.41 km (6.53%)) area affected 
by LULC change during 2001 - 2005 period. The LULC change analysis suggests 
that Kakund watershed possesses a high land cover dynamics where changes are 
taking place very rapidly. The watershed requires immediate conservation measures 
to maintain the ecological diversity. 
5.6 Image classification OR Image enhancement of digital data: 
IRS-P6 LISS III digital data of the study area was subjected to digital image 
processing using ERDAS Imagine 8.7. Major image enhancement functions i.e. image 
classification, spatial filtering and band rationing were performed in an attempt to 
correlate the results obtained through visual interpretation of the data. 
Image classifications are grouped under two types i.e. unsupervised and 
supervised, which have been attempted and are discussed briefly in the following 
section. 
5.6.1 Unsupervised Classification: 
Unsupervised classification technique was used to group the pixels into 
clusters. 100 spectral clusters with 95% convergence value were selected with the aim 
of performing unsupervised classification. Unsupervised classification examines the 
spectral characteristics of each pixel and statistically groups similar pixels into 
classes. User further aggregates the spectral classes into information classes. 
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Unsupervised classification signatures were gathered to isolate large areas of uniform 
land covers. Training sites were necessary to define classes that did not get classified 
uniquely during the unsupervised classification. A command of 10 classes was 
applied and unsupervised map was generated from the digital data present (Figure 
5.17). 
5.6.2 Supervised Classification: 
The initial step involves defining image properties as pixel DN values that 
represent a group of information of training classes. In this classification 51 known 
signatures, which fall under 10 land use/land cover categories in the image were 
specified as training areas. Statistical measures were generated for the training areas 
and input to the classifier, which then determines other areas in the image that have 
similar spectral characteristics. Finally a supervised classification image was 
generated showing land use/land categories (Figure 5.18). The land use/land cover 
map derived through visual interpretation shows slight mismatching when compared 
with the supervised classified map generated from IRS P6 digital data. The minor 
differences in LULC categories are found in wasteland, rocky area, rock quarry, open 
scrub etc. 
122 
7 / 1 5 ' 
Gambhir river 
r»iy.tJ 
7 /30 ' 
A 
use/land cover 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland (culturable) 
Water b)ody 
Barren/rocky area (Unculturable) 
Rock quarry 
Built up land 
7/15' 7 /30 ' 
Figure 5 17 Unsupervised classification generated from IRS P6 LISS 
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Figure 5.18: Supervised classification generated from IRS P6 LISS 
5.6.3 Band rationing: 
Ratio images are enhancements resulting from the division of DN values in 
one spectral band by the corresponding values in another band. A major advantage of 
ratio images is that they convey the spectral or colour characteristics of image 
features, regardless of variations in scene illumination conditions (Lillisand et al., 
2004). 
In the present study, band rationing was done in order to find out any variation 
zones. Since the data has three bands i.e. Green, Red and NIR. Three band ratio 
images were developed i.e. green/red, red/NIR and green/NIR (Figure 5.19a, b and c). 
Different LULC categories such as cultivated land, dense forest, water body and open 
forest, show varying spectral signatures in each ratio image. Band ratio image 
green/red shows enhanced topography and water body, red/NIR depicting major 
features subdued and green/NIR band ratio image depicting the forest cover. 
5.6.4 Spatial Filters: 
Spectral filters, serve to block or pass energy over spectral ranges, whereas 
spatial filters emphasize or deemphasize image data of various spatial frequencies 
(Lillisand et al., 2004). 
IRS-P6 LISS III image was digitally enhanced in order to facilitate the process 
of identifying lineaments. Different spatial filters were used, since the Kakund 
watershed possess lineaments in its southern, south-eastern and south-western parts. 
Majority of the lineaments show north-east and south-west orientation, and few of the 
lineaments are oriented to north-west or south-east. So the directional filters were 
used to observe the spatial frequencies of majority of the lineaments. After 
experimenting with different filter kernels, the best enhancement was found in 3 X 3 
modified convolution right diagonal and left diagonal filter. The right diagonal filter 
enhances the lineaments oriented in north-east and south-west direction. Similarly the 
left diagonal filter enhances the lineaments oriented in north-west and south-east 
(Figure 5.20a and b). 
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CHAPTER - VI 
HYDROGEOMORPHIC MAPPING 
6.1 General Statement: 
Surface water resources are inadequate to meet water requirements hence the 
demand for groundwater has increased over the years. Groundwater availability varies 
in time and space hence its assessment of quantity and quality is essential for optimal 
utilization (Thomas et al., 1999). Groundwater is one of the most valuable natural 
resources, which supports human health, economic development and ecological 
diversity (Madan et al., 2007). Groundwater occurrence being subsurface 
phenomenon, its assessment is based on indirect analysis of some directly observable 
terrain characteristics like geological, geomorphic, structural features and their 
hydrologic characteristics (Das et al., 1997). Hydrogeomorphological maps provide 
useful information about groundwater prospects at regional scale (Sahai et al., 1991). 
In recent years increasing use of satellite remote sensing techniques has successfully 
been demonstrated in hydrogeomorphological mapping (Vaidyanathan, 1964; Raju, 
1980). 
The advent of remote sensing has opened new vistas in groundwater prospect 
evaluation, exploration and management (Mondal et al, 2008). Satellite images are 
increasingly used in ground water exploration because of their utility in identifying 
and outlining various ground features that may serve as direct or indirect indicators of 
groundwater presence (Bahuguna et al., 2003; Das et al., 1997). Although, 
groundwater is a dynamic replenishable natural resource but in hard rock terrain 
availability of groundwater is of limited extent and its occurrence is essentially 
confined to fractures and weathered zones (Kumar et al., 2006). Satellite remote 
sensing with synoptic view capability has immense utility, in identification and 
delineation of land forms, linear features, structural elements, and terrain 
characteristics (Kumar and Shirivastava, 1991; Verma, 1991; Sharma and Jurgan, 
1992; Verma, 1993; Chatterjee and Bhattacharya, 1995; Tiwari and Rai 1996), which 
play an important role in occurrence of groundwater. 
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6.2 Remote Sensing and GIS in Hydrogeomorphological Studies: 
Remote sensing and GIS techniques have been used by a host of workers in 
hydrogeomorphological mapping (Bhatacharya et al., 1979; Jones, 1986; Srinivasan, 
1988; Kar, 1990; Agarwal and Mishra, 1992; Sharma and Jurgan, 1992; Tiwari and 
Rai, 1996; Das et al.,1997; Kumar and Tomar, 1998; Tomar et al., 1999; Pratap et al., 
2000; Subba Rao et a!., 2001; Reddy, 2002a; Sankar, 2002; Sankar et al., 2002; Nag, 
2005; Javed and Wani, 2009). Hydrogeomorphological mapping in Keonjar district, 
Orissa, for ground water exploring using remotely sensed data was attempted by 
Behra (1989). Hydrogeomorphological mapping and assessment of ground water 
using remote sensing in Sangrur district, Punjab, was carried out by Thomas et al. 
(1999). Mapping of hydrogeomorphological features in Varaha river basin using IRS 
data was carried out by Murthy and Rao (1999). GIS and remote sensing applications 
have been used by numerous workers in delineation of ground water potential zones 
(Evans and Myers, 1990; Haridas et al., 1998; Venkatachalam et al., 1991; Ghose, 
1993; Krishnamurthy et al., 1996; Krishnamurthy et al., 1996; Pradeep, 1998; Saraf 
and Choudhary, 1998; Muralidhar et al., 2000; Reddy et al., 2000; Srivastava and 
Battcharya, 2000; Subba Rao et al., 2001; Khan and Moharana, 2002; Sankar, 2002: 
Lokesha et al., 2005; Vittala et al., 2005; Kumar et al., 2007; Biswajeet, 2009). Pal et 
al (1997) used remote sensing and GIS for demarcating groundwater potential zones 
in parts of Yamunanagar and Sirmaur district. Kumar et al. (2006) delineated various 
groundwater prospect zones in hard rock area, of Jhalawar, Rajasthan using remote 
sensing and GIS. 
Hydrogeomorphological mapping of the Luni Basin of Rajasthan, was carried 
out using Landsat band 5 and 7 images by Bajpai et al (1999). Chatterji et al (1978) 
carried out a study in the central Luni basin of Western Rajasthan using remote 
sensing data. Hydrogeomorphological mapping was carried out at 1:250000 scale for 
the entire Rajasthan using Landsat-TM data during 1986 (Anon, 1986). Iqbaluddin et 
al. (1997) carried out geomorphological study of Bharatpur district, wherein various 
geomorphic units were delineated using Landsat TM FCC data. 
The study area, i.e. Kakund watershed lies at arid- semi-arid interface and 
faces acute water shortage during the summer; hence an assessment of groundwater 
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resources of the watershed is necessary to know the groundwater potential for future 
development. Hydrogeomorphic zonation and lineament mapping, has been attempted 
using remote sensing data. Groundwater potential zones in Kakund watershed, have 
been delineated by integrating themes such as hydrogeomorphology, lineaments and 
geology in a GIS domain. 
6.3 Hydrogeology: 
The study area has two broad water bearing formations, i.e. hard rocks of 
Vindhyan super Group represented by sandstone lithology and unconsolidated 
Quaternary sediments comprising admixture of sand, silt, clay and kankar. The 
aquifers are categorised into shallow and deep, shallow aquifers are pheratic in nature, 
occur within the range of 50 m, comprising mainly fine sand and kankar and vary in 
thickness from 3 to 25 m (Saifuddin, 1999). Favourable modes of extraction of 
groundwater are through hand pumps, open wells and shallow tube wells. Since canal 
irrigation is confined to a limited area in the north, hence most of the irrigation is 
done through shallow tube wells resulting in over exploitation of shallow aquifers. 
Deep aquifers are semi confined to confined, occurring at depth below 50 m up to the 
depth of bed rock (CGWB, 1996). The general direction of fiow of groundwater is 
from west to east (Umar and Absar, 2003). Depth to water table in the study area 
shows wide variation and fluctuation as well. In the central part, i.e. in and around 
Baretha lake and along valley fills it is very shallow i.e. 2-3 m below ground level. At 
the foot hills, i.e. pediments and hurried pediments, the depth to water table is 
generally over 5m below ground level. In the higher altitudes i.e. plateau and hills it is 
very erratic, but observed at more than 12 m bgl. Most of the open wells in the plateau 
zone are reportedly dry; hence no definite assessment could be made on the 
occurrence and fluctuation of water table. 
6.4 Hydrogeomorphology: 
Hydrogeomorphologically, the study area can broadly be divided into three 
zones i.e. runoff zone, infiltration zone and discharge zone based on the geomorphic 
landforms, terrain conditions and lithological characteristics. The delineation of the 
hydrogeomorphic units was aimed at demarcating areas of groundwater 
recharge/discharge and potential zones for development. The structural hills, residual 
hills and linear ridges constitute runoff zones, where as the burried pediments and 
pediments represent zones of infiltration. Intermontane valleys, alluvial plains and 
valley fills act as discharge zones. The following hydrogeomorphic units have been 
delineated in the study area using IRS LISS III data. Table 6.1 presents the details of 
the hydrogeomorphic units, their field and image characters and groundwater 
potential. The subsequent section provides details of each hydrogeomorphic units. 
o Alluvial plains 
o Valley fills 
o Plateau 
o Burried pediments 
o Pediments 
o Intermontane valleys 
O Residual hills 
O Linear ridges 
6.4.1 Alluvial plains: 
Alluvial plains form a predominant unit in the northern part of the study area 
and are defined by lithology consisting of unconsolidated sediments of sand, silt, clay 
and gravel. Alluvial plain occupies only 102.25 km^ which is 34.56% area of the total 
watershed, and is composed of finer sediments like sand, silt and clay (Table 6.1). It is 
delineated on IRS FCC by its bright red to white tone exhibited by cropland and 
fallow land respectively. It shows smooth texture and extensive agricultural activity. 
It shows sharp contact with burried pediment with irregular boundary outline. The 
major land use activity is agriculture. However at places natural tree cover is also 
reported intermingled with cropland. The relief is defined by gently sloping surface 
towards the north defined by the course of the Kakund river. The depth to water table 
in the alluvial plain varies between 6 m to 10 m below ground level. This unit has 
been formed by the flood plain deposits of the Kakund river. The SOI toposheet of 
1973 represents few lakes and cutoff meanders, which indicate the dynamic nature of 
the Kakund river, however these landforms have since vanished due to the extensive 
cultivation. The groundwater prospect in this unit is moderate to good (Table. 6.1). 
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Table 6.1: Hydrogeomorphic units, their characteristics and groundwater potential 
Hydroge-
omorphic 
unit 
Alluvial 
plains 
Valley fills 
Plateau 
Burried 
pediments 
Pediments 
Intermon-
tane valleys 
Residual 
hills 
Linear 
ridges 
Description 
(Field observation) 
Gently sloping tract produced by 
deposition of alluvial material 
consisting of gravel, sand, silt and 
clay of varying lithology 
Accumulation zone of colluvial 
material derived from surrounding 
uplands: shallow to deep fine sand, 
silt clay soils 
Flat topped and arcuate, showing 
definite trends. Comprises thin 
veneer of soil, which varies from 
place to place, scanty vegetation 
Weathering is also found at some 
places. Lineaments are present, it 
represents Vindhyan sandstone. 
Quarrying activity at few places. 
Unconsolidated alluvial materials 
fill irregularities on the sandstone 
surfaces. Mostly vegetated or 
cultivated, lying at foot hills. 
Gently sloping sandstone surface. 
Covered with thin layer of soil, at 
places, has natural vegetation. 
Depression between the mountains, 
generally narrow and linear, filled 
with colluvial and fluvial deposits 
of varying grain size mostly sand, 
silt and clay. 
Relict hills, which have undergone 
the processes of denudation, act as 
runoff zone. 
It represents Vindhyan sandstone. 
Acts as barrier as well as carrier for 
groundwater flow represents areas 
of high runoff. This unit represents 
Vindhyan sandstone. 
Image characteristics (on FCC data) 
Tone: Bright red for cropland to 
white/grey for fallow. Smooth Texture, 
shape irregular, curvilinear outlines, 
contiguous pattern. Extensive cultivation 
as land use, drainage development 
negligible. Sharp contacts with 
pediments/burried pediments. 
Tone: light grayish for moisture to dark red 
for natural vegetation. Fine texture, shape 
irregular and linear, elongated pattern. 
Occupying low-lying areas associated with 
natural vegetation. 
Tone: dark green for rock exposure to 
white for rock quarrying, course texture, 
shape irregular, linear and contiguous 
pattern, dominated by linear features. The 
prominent feature here are lineaments with 
general trend NE-SW, while few trending 
NW-SE. Sparse or no vegetation, presence 
of quarrying activity, parallel to sub-
parallel drainage first order channels 
fallows the linear features. 
Tone: light red for cultivated land to red 
for natural vegetation, fine texture, shape 
irregular and elongated, contiguous 
pattern. Drainage is sub parallel. 
Tone: light grey to medium grey, coarse to 
medium texture, shape irregular, gently 
slopping pattern. 
Tone: light for uncultivated land to dark 
reds for cropland, course texture, shape 
irregular, linear and contiguous pattern. 
With sub parallel drainage. 
Tone: light grayish to greenish for rock 
exposures. Course texture, shape and size-
irregular and rounded, contiguous pattern. 
Drainage is radial. 
Tone: Brown to dark. Course texture, 
shape linear, contiguous pattern. 
Development of T' order drainage 
Ground-
water 
potential 
Moderate 
to good 
Good to 
Very 
good 
Poor to 
Moderate 
Moderate 
to good 
Poor to 
moderate 
Poor to 
moderate 
Very 
poor to 
poor 
Very 
poor to 
poor 
6.4.2. Valley fills: 
Valley fills are products of streams dumping their sediment load along their 
courses due to obstruction to or reduction in their flow velocity. Since they have high 
moisture content, they are characterized by natural vegetation and can be identified on 
FCC data by the linearity of tone and texture, subdued topography and accumulation 
of colluvial material derived from the surrounding uplands. Valley fills are 
sandwiched between Vindhyan plateau and hills and ridges of Bhandar Group. This 
has very good porosity and permeability but at places presence of clay makes it 
impermeable. However, valley fills are generally considered to be potentially good for 
groundwater occurrence and possess good to very good groundwater prospects 
(Table. 6.1). 
6.4.3. Plateau: 
Plateau is a table like land, which is broad, elevated and almost level. This 
geomorphic unit represents Vindhyan sand-stone in the southern and eastern parts of 
the study area covering 131.46 km^ (44.43%) of the watershed area. This 
hydrogeomorphic unit is massive in nature; however weathering is also occasionally 
reported. Few dug wells, reported on the plateau, show depth to water table from 7 m 
to 17 m below ground level. This geomorphic unit is picked up on the satellite data 
based on variable tone and coarse texture, scanty vegetation, relatively higher relief 
ranging between 240-361 m above MSL. It is characterized by structurally controlled 
drainage where first order channels follow the lineaments. The drainage density is 
medium to high and resistance to erosion is moderate to high. This hydrogeomorphic 
unit is predominantly covered by thin veneer of soil which varies from place to place. 
Majority of lineaments are reported from plateau, which had given a character 
possibility of moderate groundwater potential zones (Figure. 6.1). Rock quarrying 
activities are also reported at many places. This unit possesses poor groundwater 
prospects except along the lineaments where the prospects seem to be moderate. 
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Figure 6.1: Hydrogeomorphic units and lineaments derived from IRS LISS III data 
6.4.4. Burried pediments: 
This hydrogeomorphic unit is reported in the central part of the Kalcund 
watershed, and is characterized by undulated topography, accedented slope, thin 
alluvial cover, and higher elevation as compared to alluvial plain. It is identified on 
remotely sensed data by its light red to red tone with irregular boundary outline, 
elongated shape, gentle slope and moderate relief. The thickness of this 
hydrogeomorphic zone varies from place to place and favours a good amount of water 
to circulate within this zone before reaching the deeper zones. Drainage pattern is sub-
parallel to parallel, with low drainage density. Land use is largely agricultural activity 
with small patches of natural vegetation, but at some places scrubland is also found. 
Groundwater potential is moderate to good and is suitable for dug wells and bore 
wells. 
6.4.5. Pediments: 
The pediments in the area are developed on sandstones, and show a 
considerable amount of weathered material brought down from the plateau. It is 
identified on IRS FCC by its light grey to medium grey tone, coarse to medium 
texture, irregular shape, sharp contact with plateau and hills. The groundwater 
conditions in pediment zone are expected to vary depending upon the type of 
underlying materials. Groundwater prospect in pediment is considered as poor to 
moderate (Sankar, 2002). Pediments are developed in the eastern and central part of 
the watershed adjacent to the plateau and possess poor to moderate groundwater 
potential. 
6.4.6. Intermontane valleys: 
The intermontane valleys are mostly structure controlled. These are narrow 
and linear depressions, filled with colluvial and fluvial deposits brought down from 
the plateau, and are of varying grain size mostly sand, silt and clay. The tone is light 
to dark red due to presence of natural vegetation, texture is coarse, irregular shape, 
and drainage pattern is sub parallel. Groundwater potential is poor to moderate in this 
zone. 
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6.4.7. Residual hills: 
Occurring as isolated hills and hillocks this geomorphic unit represents 
sandstone lithology, attains an elevation of 251 m, and occupies a relatively small 
area. Residual hills are formed by the prolonged erosion and weathering of pre-
existing surface features, plains and of even original complex tectonic mountain. This 
unit is the end product of processes of pediplanation. Radial drainage pattern is the 
characteristics feature of residual hills; it generally acts as run off zone and is 
considered very poor to poor in terms of groundwater prospects. 
6.4.8. Linear ridges: 
They are present as hogback and cuesta ridges, characterized by massive 
structure and high resistance to erosion. They exhibit light brown to dark tone, coarse 
texture and linear shape, and occupy western part of the watershed. The NE-SW 
trending linear ridges are developed on sandstone with elevations ranging from 220 to 
286 m above MSL, and are formed due to detachment and isolation of various fluvial 
processes which might have operated in the past. Extremely shallow to moderately 
shallow soils have developed due to mechanical weathering, with scanty or no 
vegetation, sparse drainage with relatively steeper slope in the south than in the north. 
This hydrogeomorphic unit acts as run off zone and hence groundwater potential is 
very poor to poor. 
6.5 Lineament mapping: 
Lineaments, being surface manifestations of structurally controlled linear or 
curvilinear features, are identified on the satellite imagery by their relatively straight 
tonal alignments. A lineament is defined as large-scale linear feature, which expresses 
itself in terms of topography of the underlying structural features. Lineaments can be 
joints, fractures, dyke systems, straight course of streams and vegetation patterns. In 
hard rock terrains, lineaments represent zones of faulting and fracturing resulting in 
increased secondary porosity and permeability. In hard rock areas the movement and 
occurrence of groundwater depends mainly on the secondary porosity and 
permeability resulting from folding, faulting, fracturing etc. They are good indicators 
for accumulation and provide the path ways for groundwater movement and are 
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hydrogeologically very important. Photo-lineaments generally represent the surface 
traces of fractures in bedrock, projected more or less vertically upwards to the erosion 
surface by various mechanisms. Lineament mapping using IRS-ID FCC, of the study 
area was based on tonal, textural, topographic and curvilinearities and rectilinearities. 
Majority of the lineaments are reported in the southern part of the Kakund watershed 
trending NE-SW, however other trends of the lineaments are also present (Figure. 
6.1). In the study area nearly 100 lineaments have been demarcated on the Vindhyan 
plateau, varying in length from a few meters to more than one kilometer. The general 
trend of the majority of the lineaments is NE-SW with a few trending in NW-SE. 
Lineament density of an area can indirectly reveal the groundwater potential, since the 
presence of lineaments usually denotes a permeable zone. Areas with high lineament 
density are good for groundwater development (Haridas et al. 1998). High values of 
lineament density are recorded in the southern and southeastern parts of the study area 
having moderate groundwater prospects. Low lineament density is found in some 
isolated area in the eastern part of the watershed. 
6.6 GIS Analysis: 
The thematic maps derived through the interpretation of satellite data i.e. 
hydrogeomorphology, lineament, drainage and geology, were digitized, edited and 
saved as shape files in Arcview GIS software. The lineament and drainage maps were 
digitized as line coverage whereas hydrogeomorphological and geological maps were 
digitized and saved as polygon coverage, assigning unique polygon ids to each 
hydrogeomorphological unit. The maps were then projected to a common UTM 
projection system so as to subsequently superimpose in Arcview GIS using its overlay 
sub-module to demarcate groundwater prospect zones based on the above themes. It is 
found that alluvial plains, valley fills and hurried pediments constitute alluvial 
lithology, and are considered moderate to good for groundwater development (Table 
6.2). 
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Table 6.2: Results of the GIS analysis showing groundwater prospects 
Hydro-
geomorphic unit 
Alluvial plains 
Valley fills 
Plateau 
Burried 
pediments 
Pediments 
Intermontane 
valleys 
Residual hills 
Linear ridges 
Geologic 
unit 
Alluvium 
Alluvium 
Vindhyan 
Alluvium/ 
Vindhyan 
Vindhyan 
Vindhyan 
Vindhyan 
Vindhyan 
Drainage 
density 
Very low 
low 
Moderate to 
high 
Low to 
moderate 
low 
Low to 
moderate 
low 
low 
Lineament 
density 
Nil 
Nil 
High in the 
east and 
south, low in 
the west 
Nil 
Nil 
Nil 
Nil 
Very low 
Ground water 
prospects 
Moderate to good 
(Discharge zone) 
Good to very good 
(Discharge zone) 
Poor to moderate(Run 
off/ infiltration zone) 
Moderate to 
good(Infiltration 
zone) 
Poor to 
moderate(Infiltration 
zone) 
Poor to 
m oderate( D i scharge 
zone) 
Very poor to 
poor(Run off zone) 
Very poor to 
poor(Run off zone) 
Intermontane valleys, pediments, linear ridges, residual hills and plateau are 
developed on Vindhyan rocks and are categorized as poor to moderate groundwater 
prospects. The lineaments are confined to the plateau zone only, especially in the 
south and southeastern parts of the watershed. Presence of lineaments makes the 
plateau a moderate zone for groundwater exploitation, otherwise plateau acts as poor 
groundwater storage due to massive formations, with high resistance to erosion, 
moderate to high drainage density and high rate of runoff. Integration of thematic 
maps led to the demarcation of groundwater prospect map (Figure.6.2) which 
qualitatively defines the prospect zones for future groundwater development in the 
Kakund watershed. 
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Figure 6.2: Groundwater prospects in the Kakund watershed 
An assessment of groundwater prospects of Kakund watershed presents an 
insight into potential for future groundwater development. The analysis shows that 
Kakund watershed has enormous groundwater potential for future developments it has 
maximum area under poor to moderate groundwater prospects. A substantial part of 
the Kakund watershed falls under moderate to good prospects especially in the 
northern part defined by alluvium lithology. 
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CHAPTER - VII 
WATERSHED MANAGEMENT 
7.1 General statement: 
Watershed Management has assumed much significance for planned 
development of land and water resources and to arrest land degradation process to 
preserve environmental and ecological balance (Chakraborti, 2003). It involves proper 
utilization of land and water resources of a watershed for optimum production with 
minimum hazard to natural resources (Biswas et al., 1999). 
Watershed characteristics such as drainage, land use/land cover, topography, 
slope and surface runoff affect the status of soil erosion, which needs to be evaluated 
for prioritizing watersheds to implement soil and water conservation measures (Reddy 
et al., 2004). The soil and water conservation measures carried out on a watershed 
basis play a prominent role in the strategy of comprehensive land and water 
management. Some of the activities carried out under watershed management include, 
construction of check-dams for infiltration of surface water, terraces for soil and water 
conservation, tree planting, Nala bunding, percolation ponds etc. Check dams are 
constructed across the ephemeral streams to intercept runoff from local catchments 
and store it for optimum utilization (Khan, 1992). Soil and water conservation are the 
main issues in watershed management which has been considered by various workers 
in terms of management of land and water resources (Moore et al., 1994; Tideman, 
1996; Honore, 1999; Khan, 1999, Saxena, 2000). Water harvesting structures are one 
of the important components of watershed management to conserve precious natural 
resource like soil and water. 
7.2 Application of remote sensing and GIS in watershed management: 
Remote Sensing and GIS techniques have emerged as powerful tools in 
watershed management (Biswas et al., 1999), and are useful in mapping of varied land 
forms, soil, drainage, linear features, structural elements, and terrain characteristics. 
Pahari et al., (1996) carried out a remote sensing and GIS based study for sustainable 
watershed management in Nepal. Menris (1997) used GIS application to natural 
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resource management and development planning in a rural area of Pranmati 
Watershed, Garhwal Himalayas. Prasad et al (1997) carried out watershed 
prioritization for watershed management using remote sensing and GIS in Trijuga 
watershed in eastern Nepal. Watershed prioritization of Guhiya basin, Rajasthan was 
carried out by Khan et al. (2001) using remote sensing and geographical information 
system. Gaur et al. (1994) suggested various soil and water conservation measures in 
Purana catchment of Virbani district using remote sensing and GIS. Water harvesting 
structures to recharge the groundwater table in Saurastra region of Gujarat was 
suggested by Kalra (2005). Solanke et al. (2005) carried out watershed 
characterisation and management using remote sensing and GIS in Ganeshpur micro 
watershed near Nagpur, Maharashtra. Martin and Saha, (2007) carried out an 
integrated approach for watershed prioritization and productivity using remote 
sensing and GIS in Doon valley, Dehradun district of Uttarakhand. Kumar et al. 
(2008) considered geomorphological set up, drainage, lineaments and land use as 
parameters for suggesting possible water harvesting structures in Bakhar watershed of 
Mirzapur in UP, using remote sensing and GIS. Chowdary et al. (2009) carried out 
integrated water resource development plan for sustainable management of 
Mayurakshi watershed, using remote sensing and GIS. Singh et al. (2009) considered 
land use. drainage, soil, slope and water balance estimation as parameters for 
suggesting suitable sites for water harvesting structures in Sonkhad watershed Punjab 
using remote sensing and GIS. Watershed characterisation has recently been was 
carried out by Walia et al. (2010) using remote sensing applications in Moolbari 
watershed, Shimla district of Himachal Pradesh. 
7.3 Parameters for watershed management: 
In the present study an attempt has been made to correlate few morphometric 
parameters i.e. drainage density, elongation ratio and relief ratio, major land use/land 
cover category, LULC area in percent, lineament density, lithology, slope/relief and 
groundwater prospects to obtain results for identifying sub-watersheds for suitable 
watershed management practices/measures. The following parameters are considered. 
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7.3.1: Morphometric parameters: 
The select morphometric parameters i.e. drainage density, elongation ratio and 
relief ratio have been considered. Since these three parameters are indirectly influence 
the infiltration capacity and the surface runoff, hence they have been selected for 
integrated analysis. 
7.3.1.1 Drainage density: 
The areas of high drainage density represent close surface drainage channels 
whereas areas of low drainage density represent widely spaced drainage channels. 
High drainage density permits less infiltration and more surface runoff, whereas low 
drainage density permits more infiltration and contributes to groundwater recharge. 
Narauli and Rudawal sub-watersheds represent low drainage density which suggests 
permeable subsoil material and higher infiltration. The drainage density of rest of the 
sub-watersheds ranges from medium to high (Figure 7.1) which suggests presence of 
resistant rock and less permeable soil resulting in more surface runoff. Hence 
percolation ponds are suggested for Narauli and Rudawal sub-watersheds, so that the 
groundwater resources are recharged, since it is the most active discharge zone for 
groundwater. Check dams may be constructed in sub-watersheds having higher 
drainage density. 
7.3.1.2 Elonsation ratio: 
The elongation ratio reflects the shape, rate of infiltration and relief Higher 
the elongation ratio, circular the shape, whereas low Re values indicate less elongated 
shape. Higher the Re values higher will be the infiltration, whereas very low Re 
values reflects low infiltration. Higher Re vales normally represents very low relief 
and gentle slope, whereas lower Re values indicate high relief and steep slope. 
The sub-watersheds fall in less elongated shape category however 
comparatively higher values of Re are represented by Narauli, Bankukara and 
Tarsuman, which suggest higher infiltration, whereas rest of the sub-watersheds 
possess low Re values suggesting low infiltration. 
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Figure 7.1: Drainage density map of the Kal<und watershed 
7.3.1.3 Relief ratio: 
Relief ratio indicates slope and relief of a basin, higher relief ratio values 
indicate steep slope and high relief whereas lower values may indicate, gentle slope 
and uniform relief 
Out of the seven sub-watersheds Narauli, Rudawal and Bankukara have low to 
medium relief ratio suggesting gentle slope and relief. Tarsuman and Seupura sub-
watersheds have high relief ratio which suggest steep slope and high relief, whereas 
Nahro and Thanadung sub-watersheds possess moderate relief ratio suggesting 
moderate to steep slope and moderate relief 
7.3.2 Major Land use/land cover category: 
Land use/land cover and the nature of surface material plays a significant role 
in the development of groundwater resource, soil erosion, infiltration and surface 
runoff The rate of infiltration is directly proportional to the crown density of land 
cover e.g. forest cover, plantation, tree cover etc. Major or predominant land use/land 
cover category of the sub-watersheds was considered as a parameter for suggesting 
possible measures for watershed management. 
Narauli and Rudawal sub-watersheds have cultivated land as the predominant 
land use category, which has seen a decline during 2001 - 2005 period, hence soil and 
water conservation measures such as percolation ponds, wasteland reclamation, crop 
rotation have been suggested for these sub-watersheds. Thanadung and Bankukara 
sub-watersheds have wasteland as one of the dominant land categories where hence 
wasteland reclamation has been suggested in these sub-watersheds. Open forest is the 
predominant land cover category in Thanadung and Nahro sub-watersheds which has 
reduced during 2001 - 2005 period, hence plantation activity has been suggested in 
these sub-watersheds. Nahro and Tarsuman sub-watersheds have Rock quarry as one 
of the dominant land use category, which has shown increase during 2001 - 2005 
period. Hence it is recommended that quarrying should be restricted/banned in these 
sub-watersheds. 
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7.3.3 Lineament density: 
Lineaments like joints, fractures and faults are hydrogeologically very 
important and may provide pathways for groundwater movement (Sankar et al. 1996). 
Presence of lineaments may act as a conduit for groundwater movement which results 
in increased secondary porosity and therefore, can serve as groundwater prospective 
zone (Reddy et al., 2000). Intersection of lineaments can also be probable sites of 
groundwater accumulation. Therefore areas with high lineament density may have 
important groundwater prospects even in hilly regions which otherwise have 
negligible groundwater prospects. 
Out of the seven sub-watersheds only Tarsuman and Nahro sub-watersheds 
represent high lineament density whereas Seupura and Thanadung sub-watersheds 
represent medium lineament density (Figure 7.2). Hence these sub-watersheds may be 
taken up for construction of check dams and water harvesting structures which may 
be helpful in recharging the aquifers. The rest of the sub-watersheds are either having 
no lineaments or very less in number. 
7.3.4 Lithology: 
The resistant lithology has less infiltration and more runoff, where as the 
permeable lithology has more infiltration and less runoff. Groundwater occurs mainly 
in unconfined aquifers in the north represented by alluvium, whereas it occurs in 
semi-confined to confined aquifers in hard rock formations in the south. 
Major part of the Narauli and Rudawal sub-watersheds are covered with 
alluvium; however presence of small rock exposures in the southern part are also 
reported. Bankukara sub-watershed is represented by the Vindhyan sandstone in the 
northern and southern parts; whereas central part is represented by alluvium. Major 
parts of the Tarsuman, Nahro, Seupura and Thanadung sub-watersheds are 
represented by the presence of well exposed Vindhyan sandstone. 
Out of the seven sub-watersheds only Tarsuman and Nahro sub-watersheds are 
represented by alluvium, whereas the rest of the sub-watersheds represent Vindhyan 
sandstone lithology, which is massive, bold and represents rugged topography. 
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Figure 7.2: Lineament density map of the Kal<und watershed 
7.3.5 Elevation/Relief: 
The elevation in the Kakund watershed varies from 180 - 361 meter above 
mean sea level (MSL). The lower elevation values are encountered in the northern 
part of the watershed; whereas higher values are found in the south. Elevation in 
Narauli, Rudawal and Bankukara sub-watershed varies from 192 - 240 m, 181 - 248 
m and 208 - 272 m showing 48 m, 67 m and 64 m variation respectively. Elevation in 
Tarsuman sub-watershed varies from 208 - 288 m showing 80 m variations. The 
elevation in the Nahro, Seupura and Thanadung sub-watersheds varies from 200 -
320 m, 200 - 361 m and 200 - 340 m representing 120 m, 161 m and 140 m variation 
respectively. 
The Narauli, Rudawal and Bankukara sub-watersheds represents low relief, 
Tarsuman sub-watershed shows moderate relief, whereas rest of the sub-watersheds 
i.e. Nahro, Seupura and Thanadung possess high relief 
7.3.6 Slope: 
The slope of any terrain is one of the factors controlling infiltration of 
groundwater into sub-surface and indirectly indicate groundwater prospect. Steep 
slope facilitates higher and rapid run-off, whereas gentle slope results in slow surface 
run-off, allowing more time for rainwater to percolate down. In the study area slope 
varies between 0 to 15 , which has been qualitatively categorized into five categories 
as very gentle, gentle, moderate, steep, and very steep. Slope also is a major factor for 
soil erosion, gentler the slope, less will be the erosion and vice versa. Resistant rocks 
with steep slope have less impact of erosion, whereas less resistant rocks will have 
higher erosion. 
Gentle to moderate slopes are predominant in Narauli, Rudawal, and 
Bankukara sub-watersheds, whereas moderate to steep slopes are encountered in 
Tarsuman, Nahro, Seupura and Thanadung sub-watersheds. 
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73.7 Groundwater prospects: 
The groundwater map derived from hydrogeomorphic mapping has been used 
to assess groundwater potential at sub-watershed level by superimposing sub-
watershed boundaries on it (Figure 7.3). 
The map suggests that Narauli sub-watershed has 77.35% area under moderate 
to good groundwater potential, whereas 18.87% area falls under poor to moderate 
category. Rudawal sub-watershed has 66.89% area under moderate to good whereas 
32.99% under poor to moderate category. Bankukara sub-watershed possesses 
49.11% area under poor to moderate and 30% under good to very good groundwater 
potential especially in the central and western parts of the sub-watershed. Tarsuman 
sub-watershed has 77.07% area under poor to moderate category and only 17.19% 
under good to very good category. Nahro sub-watershed has 85.98% area under poor 
to moderate groundwater potential and only 12.39% under good to very good 
category. Seupura sub-watershed has 81.29% area under poor to moderate 
groundwater potential and only 16.12% under good to very good groundwater 
potential. Thanadung sub-watershed has 56.87% area under poor to moderate 
category and only 17.20% under very poor to poor groundwater potential (Table 7.1). 
Out of the seven sub-watersheds only Narauli and Rudawal show major area 
under moderate to good groundwater potential category. These two sub-watersheds 
represent relatively plain area defined by gentle and uniform slope, fertile soil which 
supports extensive cultivation as land use, hence require more efforts in groundwater 
development and exploitation. Rest of the sub-watersheds i.e. Bankukara, Tarsuman, 
Nahro, Seupura and Thanadung, the major area fall under poor to moderate 
groundwater potential category, hence they require water harvesting structures to 
overcome the scarcity of water in future. Figure 7.4 presents the map showing 
predominant groundwater at sub-watershed level. Since these sub-watersheds 
represent a variety of land use/land cover and vary in their slope/relief, topography, 
drainage characteristics, hence site specific recommendations have been proposed as 
measures for watershed management. The Kakund watershed as a whole has almost 
50% area under poor to moderate category, hence water conservation measure are 
needed for the entire watershed. 
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Figure 7.3: Groundwater prospects of the Kakund watershed 
Table 7.1: Details of groundwater prospects 
Name of the Sub-watersheds 
Narauli 
Total 
Rudawal 
Total 
Bankukara 
Total 
Tarsuman 
Total 
Nahro 
Total 
Seupura 
Total 
Thanadung 
Total 
Kakund Watershed 
Total 
Groundwater prospects 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
Good to very good 
Moderate to good 
Poor to moderate 
Very poor to poor 
at Sub-water shed level 
Area (Sq.km) 
2.62 
64.54 
15.74 
0.54 
83.44 
0.01 
28.16 
13.89 
0.04 
42.10 
8.91 
4.10 
14.59 
2.10 
29.71 
2.90 
0.97 
13.00 
-
16.87 
6.09 
0.80 
42.27 
-
49.16 
4.86 
0.78 
24.51 
-
30.16 
7.05 
4.47 
25.28 
7.65 
44.43 
32.46 
104.77 
135.73 
13.53 
295.87 
Area (%) 
3.14 
77.35 
18.87 
0.64 
100.00 
0.02 
66.89 
32.99 
0.11 
100.00 
30.00 
13.82 
49.11 
7.07 
100.00 
17.19 
5.74 
77.07 
-
100.00 
12.39 
1.63 
85.98 
-
100.00 
16.12 
2.59 
81.29 
-
100.00 
15.86 
10.06 
56.87 
17.20 
100 
10.97 
35.41 
49.04 
4.57 
100 
7/15' 77°30' 
Gambhir river 
Groundwater prospects 
' \ / Sub-watershed boundary 
Moderate to good 
Poor to moderate 
1 0 1 2 3 Km 
O O 
o 
(O 
77°15' 77°30' 
Figure 7.4: Showing predominant groundwater prospects at sub-watershed level 
7.4 Suggested measures/strategies for watershed management: 
7.4.1 Percolation ponds: 
These structures are recommended in the favourable recharge-storage zones to 
ensure more recharge especially in the non-monsoon months. The percolation ponds 
are suggested wherever highly favourable zone with suitable terrain conditions exist. 
Recharge through percolation ponds will be efficient in these areas because of 
adequate runoff, presence of alluvium, gentle and uniform slope, cultivation as major 
land use activity (Table 7.2). Narauli and Rudawal sub-watersheds may be taken up 
for percolation ponds (Figure 7.5). The villages which will be benefitted by the 
construction of construction of percolation ponds are Weir, Kuba Ka Nagla, 
Bamanpura, Bhadai Ka Nagla and Churari since water is expected to be available to 
them even during non-monsoon months. 
7.4.2 Check dams: 
Check dams are small-scale structures built across lower order streams in 
order to prevent runoff and hold up the water to enhance infiltration into subsurface. 
Check dams prevent water from flowing down to join the higher order streams and 
instead permit the water to spread out around the lower order streams and recharge the 
aquifer. Wherever possible these dams could be located close to lineaments so that 
infiltration to the subsurface is enhanced. Tarsuman and Nahro possess high 
lineament density, whereas Seupura and Thanadung sub-watersheds possess medium 
lineament density apart from medium to high drainage density in these sub-
watersheds, Bankukara sub-watershed also possess high drainage density, hence in 
these sub-watersheds check dams should be constructed, their probable sites have 
been shown in Figure 7.5. Check dams will ensure availability of the water during 
summer and villagers living in Samri, Barhana, Kaurapura and Shahpur will be 
expected to get benefit of it. Moreover, they will also resuh in recharging the 
groundwater in this hard rock terrain. 
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Figure 7.5: Suitable sites for construction of water harvesting structures 
7.4.3 Crop rotation and Plantation: 
Plantation and crop rotation is one of the best strategies in watershed 
management to arrest erosion and get better yields in agricultural output. Many 
forestry experts claim that the establishment of plantations will reduce or eliminate 
the need to exploit natural forest for wood production (Sedjo and Botkin, 1997). Crop 
rotation is one of the oldest and most effective cultural control strategies. It also 
means that the succeeding crop belongs to a different family than the previous one. 
The planned rotation may vary from 2 or 3 year or longer period. There are several 
advantages of crop rotation, such as preventing soil depletion, maintains soil fertility, 
reduces soil erosion. Narauli and Rudawal have major area under cultivated land but 
have also shown increase in uncultivated land, hence crop rotation has been suggested 
for them which may arrest soil erosion, soil depletion and will help to maintain soil 
fertility; moreover crop rotation may increase the yield output as well. The villages 
which will be benefitted by the crop rotation activities are Spua, Kheriya, Kakalpura, 
Bamanpura, Mandapura, Jarila, Chandwar and Mauroli. Thanadung and Nahro have 
major area under open forest and Seupura has significant area under open forest hence 
plantation activity has been suggested for these sub-watersheds. The villages 
Kaurapura, Seupura and Shahpur will be benefited from plantation activity. Strategies 
for watershed management are presented in Figure 7.4. 
7.4.4 Soil conservation/wasteland reclamation: 
Soil conservation measures generally bring wasteland, barren and degraded 
lands under cultivation, by adopting measures such as contour bunding, terracing, 
trenching, treatment of soil and selection of appropriate plants and crops. In the study 
area Bankukara, Thanadung, Rudawal and Narauli are reported to have significant 
area under wasteland hence in these sub-watersheds wasteland reclamation activities 
should be taken up to arrest land degradation figure 7.4. The villages which will be 
benefitted by the soil conservation/wasteland reclamation are Samri, Haiapura and 
Chhaira Ka Nagla. The efforts may result in bringing wasteland under plantation or 
for growing fodder for the cattle. 
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7.4.5 Rock quarryine activities: 
A quarry is a type of open-pit mine from which rocks or minerals are 
extracted. It is an open excavation or pit from which stone is obtained by digging, 
cutting or blasting. Quarries are generally used for extracting building materials and 
other purposes. Nahro and Tarsuman sub-watersheds show rock quarry as one of the 
dominant land use/land cover category, whereas Bankukara sub-watershed also has 
significant area under rock quarry. Quarrying should be stopped or banned in these 
two sub-watersheds so that the landscape is not destroyed further and possible 
land/rock subsidence may be avoided in future. 
The sub-watersheds fall in three distinct categories with small variation in 
approach taken for watershed management. Narauli and Rudawal sub-watersheds fall 
in one category with their parameters similar whereas Tarsuman and Nahro sub-
watershed fall in same category. Rest of the sub-watersheds i.e. Nahro, Seupura and 
Thanadung are similar in their parameters taken for watershed management measures 
and hence fall in the third category/group. 
This study demonstrates application of remote sensing and GIS techniques in 
watershed management in terms of identification of sub-watersheds for management 
and enhancement of groundwater potential through check dam's/water harvesting 
structures and soil conservation measures by plantation, and crop rotation in an area. 
The conventional practice in water harvesting takes into consideration the availability 
of land, the suitability of a particular artificial recharge technique depending on local 
conditions, and the area benefited. Hence, decisions regarding the location and type of 
recharge structure for water conservation can be made only after extensive ground 
study, which, for a large region would mean investing an enormous amount of time 
and money in identification of sites suitable for artificial-recharge. The current multi-
parametric approach using GIS and remote sensing is holistic in nature and will 
minimize the time and cost especially of identifying suitable sites for recharge 
structures and conservation of soil measures on local scale, thus enabling quick 
decision-making for water management. 
A more detailed study at micro-watershed level may lead to suggest watershed 
management measures at farm/village level, which may be taken up in future. The 
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results of the present study may be useful to the planners and decision makers at 
district and sub-division level for under taking development work. 
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